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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
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2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
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CATALYTIC OXIDATION OF A C;-C4 MIXTURE
ON POLYOXIDE CATALYSTS

Abstract. The results of a study of the activity of polyoxide catalysts based on molybdenum, chromium and
gallium supported on natural clays for the catalytic oxidation of light alkanes to industrially important chemical
products are presented. The developed three-component catalytic systems based on molybdenum, chromium and
gallium showed catalytic activity in the reactions of gas-phase and liquid-phase oxidation of linear hydrocarbons to
aldehydes, alcohols, ketones and olefins. Studies of the oxidative conversion of a propane-butane mixture on
molybdenum, chromium and gallium polyoxometallates supported on natural clays allowed to determine that the
predominant composition of the products is determined by the temperature of the process. A sequential and
combined method of introducing the active components into the composition of the developed catalysts was studied.
It has been determined that the sequential introduction of one or two components negatively influence on the
efficiency of catalyst. It is assumed that the metals begin to react with each another (as observed visually during
preparation of catalysts) and eliminates the additional separate drying and calcination of each supported subsequent
element separately at co-supporting process of active phase of catalyst on carrier. It was determined that the
simultaneous introduction of all components into the impregnating solution is optimal. It was found that the
production of a number of products with high yields: acetaldehyde - at 673-723 K, acetone - at 823 K, methanol - at
673-723 K, MEK - at 773-823 K, ethanol - at 823 K, ethylene - at 673 -723 K, H, - at 823 K is possible at oxidative
conversion of propane-butane mixture at GHSV = 450 h™' on the developed three-component supported Mo-Cr-Ga
catalysts. It has been determined that 5 and 10% Mo-Cr-Ga catalysts are optimal for obtaining of products in both the
liquid and gas phase, and 1% Mo-Cr-Ga catalyst is more favorable for the synthesis of products in the gas phase.

Key words: catalytic oxidation, catalysts, C;-C, mixture.

Introduction

Natural and oil gases are the most important alternative sources of raw materials, capable in the long
term to compete with oil. The problem of rational use of C;-C, alkanes, included in their composition, is
particularly relevant in countries rich in this type of raw materials. Despite the huge reserves of
hydrocarbon raw materials in the Republic of Kazakhstan, it is mainly spent in the form of domestic,
industrial and motor fuel, and the remaining raw materials are burned as part of exhaust gases, or again
pumped into oil reservoirs. In this regard, the processing of alkanes (the main components of natural gas
and oil) for the purpose of obtaining industrially important chemical products is one of the most urgent
environmental problems in Kazakhstan.

Formation of synthesis gas, unsaturated hydrocarbons, aldehydes, acids and alcohols should be
expected at incomplete oxidation of methane, ethane, propane and butane. Only the optimal selection of
catalysts can purposefully to carry out the process with preferential formation one of the listed products.

— §f —
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However, the development of new effective catalysts for selective oxidation of light alkanes is still at the
stage of research and development [1-11].

In the process of oxidative conversion of propane-butane mixture on various types of catalysts is
possible to obtain a range of products such as oxygenates [12-16], olefins [16-20], hydrogen [21,22],
synthesis gas [23-25] and CO, + H,O [26].

Experimental

Catalyst preparation

Preliminary preparation was carried out for the preparation of catalysts on natural carriers. The natural
carriers were dried at 473 K for 2 h, calcined at 773 K for 2 h and then treated in a solution of 10% HCI
and calcined again at 773 K for 2 h. The catalysts were prepared by the capillary impregnation method of
mixed aqueous solutions of nitrate salts of metals, supported on preformed natural clays.

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,4, C5-Cy
hydrocarbons, CO and CO,. A capillary column is used to analyze 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%.

Physico-chemical research

The phase composition of catalysts was determined on X-ray diffractometer DRON-4-7 with Co-
anode (25 kV, 25 mA, 26 = 15-80°).

Determination of the surface was conducted by low-temperature adsorption of nitrogen by the BET
method on the "Accu Sorb" installation from Micromeritics produced in the USA.

Morphology, particles size, chemical composition of initial and worked out catalysts were performed
on transmission electron microscope TEM-125K with enlargement up to 66000 times by replica method
with extraction and micro diffraction. Carbonic replicas were sputtered in vacuum universal station, and
carrier of catalysts was dissolved in HF. Identification of micro diffraction patterns was carried out by
means of ASTM cart index (1986).

Results and discussion

The results of a study of activity of the Mo-Cr-Ga catalysts supported on natural clays of different
content in the process of partial oxidation of propane-butane mixture at C3-C4: O, : Ny : Ar=(33.33:7.0:
26.34 : 33.33, %), GHSV = 450 h™' and a temperature range of 673-823 K are presented. As can be seen
from Figure 1, the formation of C,H,, H,, and CO, was observed at oxidative conversion of propane-
butane mixture on the developed 1% MoCrGa catalyst. A 39.2% yield of ethylene passed through a
maximum at 773 K. The formation of 1.0 — 2.6% H, was also observed. 39.5% of CO, is formed by
raising the reaction temperature to 773 K and up to 823 K in reaction mixture. With increasing
temperature, the process proceeds towards the formation of a deep oxidation product (CO,) along with
oxidative dehydrogenation (C,H,, H,).
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Figure 1 - Oxidative conversion of propane-butane mixture on 1% MoCrGa catalyst

Figure 2 shows the activity of 5% MoCrGa/TWC catalyst at oxidative conversion of propane-butane
mixture. The greatest yields of acetaldehyde and methanol were obtained at relatively low temperatures of
673-723K. The yield of acetaldehyde decreased from 33.3% to 11.5% with an increase in temperature
from 673 K to 823 K, and methanol - from 13.8% to 10.7% at 773 K. Methanol was not detected in
product at higher temperatures. A different picture was observed for acetone and methyl ethyl ketone. The
maximum yields for these products were observed at 823 K. The yield of acetone at this temperature was
50.9%, and methyl ethyl ketone - 37.6%. It was determined that content of ethylene at all temperatures
decreased compared with 1% catalyst. However, the yield of hydrogen increased from 5.7 to 18.8%. The
formation of products of deep oxidation was not observed.

B CH3COH
60 - B CH3COCH3
B CH30H
50 4 N C4HBO
HC2HA
s 40 - mH2
cER
b
20 A
10 4

673 723 773 §23
Temperature ,K

Figure 2 - Oxidative conversion of propane-butane mixture on 5% MoCrGa catalyst

The same trend of reduction of gaseous substances in reaction products was observed at a further
increase in the content of MoCrGa on the carrier to 10%. The yield of ethylene did not exceed 8.6%. A
new product - ethanol appeared in the liquid phase, the yield of which was 66.0% at 8§23 K.

— § —
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Figure 3 - Oxidative conversion of propane-butane mixture on 10% MoCrGa catalyst

It can be seen from the data in Figure 3 that the decrease in the formation of acetaldehyde, acetone,
methanol, MEK, ethylene and hydrogen compared to the 5% catalyst composition was observed on this
catalyst composition.

Thus, the production of a number of products with high yields: acetaldehyde - at 673-723 K, acetone -
at 823 K, methanol - at 673-723 K, MEK - at 773-823 K, ethanol - at 823 K, ethylene - at 673- 723 K, H, -
at 823 K is possible during the oxidative conversion of propane-butane mixture at GHSV = 450 h™' on 1-
10% MoCrGa catalysts. It was determined that 1% MoCrGa/TWS catalyst is more suitable for the
synthesis of gaseous products. It has been established that 5% MoCrGa catalyst is optimal for obtaining of
high yields as liquid products of partial oxidation and oxidative dehydrogenation products (33.3%
acetaldehyde, 50.9% acetone, 15.7% methanol, 37.6% MEK, 28.3% ethylene and 18.8% H,).

The polyoxide MoCrGa catalysts supported on natural clays investigated in the oxidative conversion
of propane-butane mixture were studied by physical-chemical methods. The specific surface and porosity
of the studied sorbent samples were determined by the BET method for low-temperature nitrogen
adsorption. It was established that the clay surface is 10-16 m?/g, and the change in the optimum pore
radius was observed from 20 to 50 A. Elemental analysis of the initial and processed samples of sorbents
with 10% HCI showed that the oxide compounds of Si, Al, as well as Ca, Mg, Fe, and Na are
predominantly present in clay samples. The ratio of SiOy/Al,O; (silicon module) was 5-0.4. The silicon
module increased after acid treatment, but the phase composition remained practically unchanged. In the
course of work, it was determined that the yields of target products on the catalysts pretreated with 10%
HCI exceed analogous yields on the untreated catalysts. It is assumed that acid treatment of sorbents
contributed to the development of surface and increase in the pore radius, which led to increase in the
yield of target products of the oxidative conversion of propane-butane mixture.

It was established by the XRD method that the kaolinite Al,[OH]4Si,05 (JCPDS-29-1488), a-quartz
SiO, (JCPDS 5-490) and the X-ray amorphous component (short-range order 4.20 A) are the main phase
of natural clay. The diffractograms of spent catalysts under reaction conditions at 573 and 773 K are
identical. The 3.62, 2.66, and 2.48 reflexes, relating to the phase of Cr,O; (JCPDS 6-504) and the 3.52,
2.67, 2.38 reflexes, relating to the phase of Cr;0;, (JCPDS 18-390) were detected. The 3.52 reflex refers,
perhaps, to textured kaolinite. The structural elements relating to Ga and Mo were not detected because of
their dispersity.

Electron microscopic studies have shown that the presence of a large number of insoluble
components, which make it difficult to decipher the deposited phases is characteristic for carrier. Large
particles and aggregates from large dense particles are characteristic for the initial samples of MoCrGa.
Their microdiffraction pattern is represented by separate rare reflections attributed to Cr,O; (JCPDS, 6-
508) and CrO (JCPDS, 6-532), as well as to semitransparent plate-like particles, the microdiffraction
pattern from which is represented by reflexes located on a hexagonal motif referred to CrMoO,4 (JCPDS,

— Q —
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34-474). The presence of combined chromium-molybdenum-gallium phases is characteristic for samples
processed under experimental conditions.

Figure 4a shows small clusters composed by particles with a size of 30-50 A and big plate-like
particles. A mixture of rings and separate reflexes presents the microdiffraction. The rings correspond to
CrMoO, phase (JCPDS, 29-452) - dispersed particles. The big plate crystals correspond to CrMoOg
(JCPDS, 33-401).

Figure 4b shows an aggregate of dense particles with signs of cutting with a minimum dimension of ~
200°. The microdiffraction pattern is presented by reflexes arranged along the rings, and corresponds to a
mixtures of Cry17Mo0g 30, (JCPDS, 34-473) and CrO (JCPDS, 6-532).

. L

; j;*L

m) e-GazOs, ~50A; &) CoOs, ~308-

Figure 4 — Electron microscopic images of the 5%MoCrGa (x 66000)

The microdiffraction pattern of aggregate (Figure 4c) is presented by rings and reflexes which are
located by series and corresponds to a mixture of Cr(MoO,); (JCPDS, 20-309), MoO, (JCPDS, 9-209
and, possibly, e-Ga,O3; (JCPDS, 6-503) phases, where there are aggregates with a size more than 100
and individual large particles. A small aggregate (Figure 4d) with a particle size of 100-120 A is presented
in a microdiffraction pattern by separate reflexes and corresponds to @-Ga,O; (JCPDS, 20-426) in a
mixture with Ga (JCPDS, 31-539). The extensive aggregation (Figure 4e) from dispersed particles of size
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~ 50A corresponds to e-Ga,0; (JCPDS, 6-509). Smaller dispersed particles (Figure 4f) size of ~ 30A are
assigned to Cr,Os (JCPDS, 36-1329).

Comparison EM images of the 1-10% MoCrGa samples showed that the set of phases is significantly
reduced at simultaneous enlargement of particles with increasing the content of active component on the
carrier.

CrMoO, + CrO spinels with a particle size of 600 A and Ga,O; of various modifications (o and ¢) as
well as Cr’" remain on the surface of the 5% MoCrGa sample treated at 623 K. The Cr’*, CrOOH phases
disappear on the surface. The phases corresponding to Ga’" and Cr’" are present in all catalysts, becoming
somewhat larger in size. The appearance of spinel (CrMoOg) with a size of 500 A, which was absent at
573 K, and also Cr*" is a distinguishing feature of the highly active optimal 5% MoCrGa catalyst heated at
823 K. This facilitates the process both towards partial oxidation and towards oxidative dehydrogenation
with optimum production of the desired reaction products.

Conclusion

Thus, developed three-component catalytic systems based on Mo, Cr and Ga showed catalytic activity
in gas-phase and liquid-phase oxidation of linear hydrocarbons to aldehydes, alcohols, ketones and olefins.
The research of oxidative conversion of propane-butane mixture on polyoxide catalysts based on
molybdenum, chromium and gallium supported on natural clay allowed to determine that preferential
composition of products is determined by temperature of process. It was found that 5% MoCrGa catalyst
in which by varying the reaction temperature was obtained up to 33% acetaldehyde, 50.9% acetone, 38%
MEK, 15.7% methanol, 28.3% ethylene and 18.8% hydrogen is most active when the content of active
phase of catalyst varies from 1 to 10% on a carrier.
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MOJIMOKCHUATI KATAJIM3ATOPJIAPJA C;-C4 KOCITIACBIHBIH
KATAJIMTHUKAJIBIK TOTBIF'YBI

AnnoTamus. JKeHin ankaHaappl KaTATUTUKAIBIK TOTBIKTBIPY YPIICIHIAC OHAIPICTIK MaHBI3Ibl XUMHSJIBIK OHIMACD aly
YIIiH TaOWUFU Ca30ajlIbIKKa OTBIPFBI3BUIFAH MOJNUOICH, XpOM JKOHE TrajulMi Heri3iHgeri MOJHOKCHUATI KaTalnn3aTopiiap/blH
OeJICeHINIriH 3epTTey HOTIDKEJepl YChIHbUIFAaH. [a3/mpl koHEe CyWbIK (azama CHI3BIKTBI KOMIPCYTEKTEePIiH ajibIeruaTepre,
CIIUPTTEPre, KETOH/AApFa KOHE OJNe(GUHIEpre TOTHIFY PEaKLHsIAPBIHBIH KaTaJMTHKAIbIK JKYHeciHAe MOJHMOIECH, XpOM IKOHE
TaJUTMH HETi3iHAE >KacalblHFaH YII KOMIIOHEHTTI KaTaJu3aTopilap KaTalUTHKAJIBIK OelceHIUTKTi kepcerTi. [Ipoman-Oyran
KOCIIaChIHBIH TOTBIFY KOHBEPCHSCHIH 3epTTeyle TaOWFU ca30allIblKKa OTHIPFBI3BUIFAH MOJUOACH, XPOM JKOHE TaluiIiH
HOJIMOKCOMETAJUTATTApPbIHAH aJIbIHFAaH OHIMJCPIiH KYpaMbIH aHBIKTaylla TEMIIEPaTypalblK YPAICTIH KOJAIbLIbIFbl aHBIKTAJIbL.
JKacaynplHFBIH KaTalM3aTOpIapiblH KypaMmblHa OelCeHIi KOMIIOHEHTTEepHi CaThUIbl JKSHE OIpIKKeH OMICTEpMEH eHri3yre
3epTTeyiiep Kyprizingi. Bip Hemece eki Kypambl CaThUIBI €HTI3y 9JiCi KaTaau3aTopiapiblH THIMALUIITIHE Kepi acep eTeTiHi
aHbIKTANABL. bipikkeH oficte karamu3artopra OencenHai (a3aHbl TachIMajJarblllIKa OTBIPFbI3FaHIa MeTajmap Oip-OipimMeH
peakiusra Tyceai (KaTaau3aTopAbl AaiibiHAay ypaici ke3inae Oaiikayra 6osaibl) xKaHe apOip SHII3UIreH AIeMEHTTepre KeKe-KeKe
KYpBIIITay MEH KENTipy KOCBIMINA XKYpri3iiMeyiHe OoibkaM KacalblHABL. bapiblk Kypamasl Oip Me3riiie CiHIpeTiH epiTiHaire
GHTI3y KONAMIbl GONATHIHIBIFEI aHBIKTANABL. [IpomaH-GyTaH KOCIACHIH TOTHIKTEIpA aiffHAImBIpy ypaici V=450 car 'kesinze Mo-
Cr-Ga Heri3iHze kacaJblHFaH YIIKYPaM/bl CHII3UICeH KaTanu3aTopliapia sKOFaphl IIbIFBIMIBI OHIMICPIiH Kelieci KaTapbiH: 673-
723 K-ne aneransaerun, 823 K-ge aneron, 673-723 K-ne meranon, 773-823 K-ne MOK, 823 K-ne atanon, 673-723 K-ne stunes,

12 ——




ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 4. 2018

823 K-ne H, anyra 6onaznsl. ConbiMeH Katap, 5 sxoHe 10% Mo-Cr-Ga xacanraH KaTanu3atopsap CyHbIK xoHe raszusl $aszana na
eHimMzmep amy ymiH, an 1% Mo-Cr-Ga xaramm3aTtopsl TeK ra3asl (a3aga OHIMIACpPAlI CHHTE3[Ey YIIH OHTAMIBI OOIBIIT
TaOBITATBIHIBIFBI AHBIKTANIIBL.

Tyiiin ce3aep: KaTaluTHKAIBIK TOTBIFY, kKaTanu3aropiuap, Cs;-C4 Kocracsl.
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KATAJIMTUYECKOE OKUCJIEHHME C;-C; CMECH
HA INIOJIMOKCUIHBIX KATAJIN3ATOPAX

AnHoTanus. [IpencraBieHsl pe3yabTaThl NCCIECIOBAHMS aKTHBHOCTH HAHECEHHBIX HA TPHUPOJHBIEC TIIMHBI MOJHOKCHIHBIX
KaTaJIN3aTOPOB Ha OCHOBE MOJIMO/IEHA, XpOMa U TaJUTUS IS TPOBEACHHMS IIPOIIecca KaTAINTHISCKOTO OKUCIICHNS JIETKHAX aJIKaHOB
B NIPOMBIIUICHHO Ba)KHBIE XUMUYECKHE MPOIYKTHL. Pa3paboTaHHBIE TPEXKOMIIOHEHTHBIE KaTAIUTHUECKHEC CHCTEMBI Ha OCHOBE
MonOeHa, XpoMa ¥ TAJUINS NPOSBIIM KaTAIUTUYECKYI0 aKTUBHOCTh B PEAKIHMAX ra3o(hasHoro M KUAKO(Pa3HOrO OKUCICHUS
JIMHEWHBIX YTJIEBOJOPOJOB B albJIETHIbI, COUPTHI, KETOHBI M oneduHbl. MccnenoBaHus OKUCIUTENHHOW KOHBEPCHUM IPOINAH-
OyTaHOBOIl CMecH Ha HAHECEHHBIX Ha IPUPOJHBIE TJIMHBI MOJIMOKCOMETANIaTax MOJIMOAEHA, XpOMa U TaJUIUsl TO3BOJMIH
OTIPEAENUTh, YTO MPEUMYILECTBEHHBIH COCTaB MPOAYKTOB OMpeieiseTcss TeMIeparypoil mporecca. IIpoBeneHo uccinenoBanue
MOCIIEOBATENFHOTO M COBMECTHOTO CIOCO0a BBEICHHS AKTUBHBIX KOMIOHEHTOB B COCTaB Pa3pabOTAaHHBIX KaTaln3aTOPOB.
OmpezeneHo, 4To IMOCIEAOBATETbHOE BBEICHNUE OJHOTO MM JBYX KOMIIOHEHTOB OTPHIATENIHHO BIHMSIET Ha 3()(HEKTUBHOCTH
kaTanuzaTopa. [Ipenmonaraercs, 4To IpH COBMECTHOM CHOCOOE HAaHECCHUs aKTHBHOM (ha3bl KaTajM3aTopa Ha HOCHTEIbh METaJIIbI
HAYMHAIOT BCTYNAaTh B PEAKIMIO APYT ¢ APYroM (YTOo HAOIIOaeTcs BU3YaJbHO B IIPOIECCE NPUTOTOBICHUH KAaTalH3aTOPOB) U
WCKJIIOYaeTCs JIOTOJIHUTENIbHASL pa3jelibHas CyIIKa W MpPOKaJKa KaXJOro HAHECEHHOTO MOCIEIYIOIEero JSJIEeMEHTa 110
otaensHoCcTH. OIpesiesieHo, YTO ONTHMAJIBHBIM SBJISETCS OJHOBPEMEHHOE BBEICHHE BCEX KOMIIOHEHTOB B IIPONUTOYHBIH
pacTBOp. YCTaHOBICHO, YTO B IPOLECCe OKHUCIUTENBHOIO IpeBpalleHus NpomnaH-OyTaHoBoW cmecu mpu V = 450 a' Ha
pa3pabOTaHHBIX TPEXKOMIOHEHTHBIX HAHECEHHBIX KaTanu3aTropax Ha ocHoBe Mo-Cr-Ga BO3MOXHO MOTyYeHHE Psa IPOAYKTOB C
BBICOKMMH BBIXOAAaMU: aLeTaiblaeruaa - npu 673-723 K, anerona — npu 823 K, metanona — npu 673-723 K, MOK — npu 773-823
K, sranoma — 823 K, stunena — npu 673-723 K, H, — nmpu 823 K. Ompeneneno, uro 5 u 10% Mo-Cr-Ga HaHeceHHBIE
KaTaJIN3aTOPH! SBILSIIOTCS ONTHMAIBHBIMH IJISI MOTYyYSHUs] NMPOJYKTOB KakK B XHAKOH (ase, Tak U ras3osoil, a 1% Mo-Cr-Ga
KaTau3aTop Ooee GIaronpHsATeH Ul CHHTE3a IPOTYKTOB B ra3oBoi (ase.

KnioueBble cj10Ba: KaTaTUTHIECKOE OKHCIEHHE, KaTanu3aTtopsl, C;-Cy cMech.
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OBTAINING OF ZIRCONIUM CATALYSTS BASED ON PILLARED
CLAYS FOR PEROXIDE OXIDATION OF 4-NITROPHENOL

Abstract. Natural resources, including abundant and cheap natural clays in the southern regionare one of the
main wealth of the Republic of Kazakhstan. The chemical industry in Kazakhstanis being developedrapidly in recent
years and there is an urgent need to find solutions for the treatment of wastewaters. This work aims to explore natural
clays for the synthesis of low-cost pillared clays that can be used as catalysts in oxidation technologies for the
treatment of wastewaters. Nitrophenols are commonly found in many types of wastewaters (plastic, pharmaceutical,
paper or pesticide production).The purification of suchspecific wastewater according to classical schemes does not
always ensure a safe level of pollution in waters discharged into water ponds. Thus, further development of the
chemical industry will inevitably be associated with the need for more effective disposal of wastewater containing
toxic products. 4-nitrophenol was used as a representative model compound in catalyst screening studies.Catalysts
based on pillared clays modified with Zr*'cations were synthesized from natural clays of Karatau and Kokshetau
deposits and investigated for the catalytic wastewater peroxide oxidation (CWPO) of 4-nitrophenol (4-NP) at 323°K.
Pillared clays with Zr*" showed the higher catalytic activity in the removal of 4-NP and Total organic carbon
(TOC)by CWPO and selectivity for the formation of CO, and H,O than natural clays.The best 4-NP and TOC
conversion results were obtained by using the pillared clay from Karatau deposit as a catalyst. A complete removal
of the contaminant was achieved after 2 hours with 97.3 % conversion.

Keywords: natural clays, pillared clays, catalytic wet peroxide oxidation, 4-nitrophenol, wastewater.

1. Introduction

4-nitrophenol is a dangerous toxic, non-biodegradable industrial pollutant, discharged by various
enterprises. 4-nitrophenol is widely used in the production of medicines, fungicides, dyes and dark leather
products [1]. This is a reason of a serious threat to the environment and health: ingestion causes
drowsiness and nausea. Usually, in order to remove 4-nitrophenol from wastewater physicochemical and
biological methods are used, but they are not sufficiently effective. Thus, there is a need to develop a
process that can effectively degrade 4-nitrophenol using a safe and inexpensive technique. Every year
large volumes of wastewaterare produced by chemical, petrochemical and pharmaceutical enterprises.
Such wastewater polluted with organic components can be purified with a help of catalysts. The use of
catalysts is a true alternative to the chemical or biological oxidation of phenols in aqueous medium [2].
Pillared clay prepared from natural mineral is one of these catalysts. Pillared clays have received increased
interest due to their texture and catalytic activity for various reactions [3]. Pillared clay is an interesting
type of porous material used as a sorbent and catalyst [4]. There are examples of their use in various
14 ——
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reactions as catalysts for wastewater treatment [5-7]. To solve the problems aimed to increase of the
catalytic activity of clays, a lot of studies were carried out on their modification by active metals, such as
zirconium [8]. Zirconium easily penetrates to the structure of pillared clay and provides conditions for the
complete oxidation of organic contaminants with hydrogen peroxide [9].

In this work, we report the investigation results of 4-nitrophenol oxidation as a model pollutant by
CWPO with pillared clays modified by zirconium tetrachloride. The raw materials used were natural clays
of the Kazakh deposits of Karatau and Kokshetau.

2. Materials and methods

2.1. Materials and reagents

Two types of natural clays with different characteristics from the Kazakh deposits of Karatau
(Zhambyl region) and Kokshetau (North Kazakhstan region) were taken as raw materials. For the
preparation of pillared clays the raw materials were washed with water and 2M HCIl successively at 50°C.
According to available sources [10-11] 1M sodium chloride solution was used in most cases. Further, the
clays were treated with a solution of ZrCly as a source of zirconium cations. The modification reagent was
prepared by slow adding of 0.2M NaOH to zirconium tetrachloride solution at room temperature up to pH
= 2.8. The resulting solution was kept at room temperature for 24 hours. The described procedure provides
a total metal content of 10 mmol per gram of clay. The samples obtained were dried at 350°K, and then
calcined during 2 hours at 823 °K at a heating rate of 275°K/min.

2. Characterization

To determine the physico-chemical characteristics of the nature clays the X-ray spectral analysis
method was used. An electron probe microprobe of the Superprobe 733 (Super Probe 733) brand from
JEOL (Jael, Japan), was usedfor determination of the angular position and intensity of reflexes. Analyses
of the elemental composition of samples and photography in various types of radiation were performed
using the Inca Energy with dispersive spectrometer from Oxford Instruments, England. UV-Vis absorption
spectra were obtained using the T70 Spectrophotometer (PG Instruments, Ltd.) in the wavelength range of
200-660 nm with a scan interval of 1 nm. SEM was performed on the FEIQuanta 400FEG ESEM/EDAX
Genesis X4M instrument equipped with the Energy Dispersive Spectrometer (EDS). Transmission
electron microscopy (TEM) was performed with LEO 906E instrument operating at 120 kV, equipped
with a 4 Mpixel 28 x 28 mm CCD camera from TRS.

2.3. Catalytic oxidation

Catalytic oxidation of 4-NP in an aqueous medium was carried out in a 250 ml glass reactor equipped
with a stirrer at 323°K at constant stirring. The reactor was charged with 100 ml of an aqueous solution of
4-NP with a concentration of 5.0 g/L. Then the pH of the solution was adjusted to 3 with solutions of
H,SO,4 and NaOH. The experiment was carried out without additional pH adjustment. In order to achieve
the stoichiometric quantity of H,O, in the media (17.8 g/1) 6.6 ml of 30% (w/v) hydrogen peroxide
solution was added for mineralization. Then 2.5 g of catalyst were added to the reactor. The moment of
complete homogenization of the resulting solution was taken as the initial point (ty = 0 h). In order to
differentiate adsorption of 4-NP and catalytic oxidation pure adsorption runs were also performed under
the same operating conditions, replacing H,O, by an equal volume of distilled water. The experiment was
carried out during 24 h. The 4-NP conversion and the appearance of the oxidized intermediates was fixed
by taking samples from reaction media at regular intervals.

3. Results and discussion

3.1 Characteristics of natural and pillared clays

The results of elemental composition of natural clays were obtained by using EMP analysis. Table 1
presents the content of elements in the original natural clays.

After pillaring treatment of clays with ZrCly solution the amount of zirconium in a sample obtained on
the basis of natural clay of the Kokshetau deposit was only 4.75%, and based on the Karatau clay -
35.07%. The chemical composition analysis shows that Si content is higher than other elements (Table 1).
The amount of zirconium absorbed by Karatau clay is larger than by Kokshetau one. In fact, the Zr content
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for Karatau and Kokshetau clays is 35.07% and 4.75% subsequently. These results prove a modification of
the zirconium pillars by hydrolysis and polymerization [12].

The results of elemental analysis

Pillared clays Mass of the metals (%)
Na Mg Al Si K Ca Ti Zr Fe Total
Zr-Karatau
2.51 2.50 9.99 41.83 4.27 0.87 0.31 35.07 2.66 100
Zr- Kokshetau 100
0.85 1.50 22.98 53.43 3.69 0.23 2.14 4.75 10.42
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Figure 1 - X-ray diffraction spectra of natural clays by EMP; (A) Karatau, and (B) Kokshetau

Figure 2 - SEM images: (a) Zr-Karatau PILC, (b) natural Karatauclay
and c) Zr-Kokshetau PILC, (d) natural Kokshetau clay
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In addition the X-ray diffraction spectra were investigated. The signals associated with the
montmorillonite phases are clearly seen on the X-ray patterns (Fig. 1). Studies of the mineralogical
composition of clay confirm that the clay of the Karatau deposit is a representative of polymineral clay. To
determine the quantitative ratio of crystalline phases, clay samples were subjected to X-ray diffractometric
analysis. The polymineral composition was confirmed by the appearance of the corresponding signals on
the X-ray patterns: montmorillonite (d = 14.73-14.56, 4.98-4.39, 2.54-2.60 A), muscovite (d = 2.59, 2.38
A), kaolinite (d = 7.09-7.04, 3.54-3.24, 2.56 A) with the formula Al,O3 * 4SiO, * xH,0. Kokshetau clay
showed the presence of kaolinite (d = 7.18 A) and muscovite (d = 4.45, 2.37 A).

In the process of pillared structures production, natural clays washed with 2M HCI showed better
results than those washed with water only. After treatment with a solution of zirconium chloride, the clay
was washed with water at 50°C up to pH 7.35 was achieved in the washings. The obtained clay samples
were examined on a scanning electron microscope. The chemical composition of clay was determined by
X-ray analysis.

b)

Figure 3 - TEM images: (a) Zr-Karatau PILC and (b) Zr-Kokshetau PILC

The morphology of the pillared clay surface is shown in Figures 2. A layered and smooth surface is
visible on the micrographs of natural clays, but the surface becomes more prominent and porous after
obtaining pillared clay. The developed surface of pillared clay indicates an increase in the number of
active sites on the surface of zirconium bars, which makes the catalyst more active [13-15]. TEM results
of pillared clays are shownon Figure 3. The results presented demonstrate the location of Zr points on the
surface of clays more clearly. Modified pillared clay combines the availability, ease of preparation with a
large surface area and high catalytic activity.

3.2. CWPO of 4-NP

The results of oxidation of 4-NP in the presence of the catalysts obtained, performed by HPLC, are
presented below (Fig. 6-7).The pillared clays modified with zirconium cations showed excellent catalytic
activity in the 4-NP oxidation reaction, with the best results obtained for the modified pillared clay of the
Karatau deposit after washing with an acid solution.

According to the results shown in Fig. 4, complete removal of the pollutant is achieved after 2 hours
of reaction by using the pillared clay of Karatau as catalyst. The Kokshetau clay allows removing the
contaminant after 6 hours of oxidation reaction (Fig. 5). It was noted that with the increase in time, the rate
of degradation was rapid during the first hours. After 120 minutes (FIG. 4) degradation of 4-nitrophenol
was 97.3 %, further degradation change was constant.
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Figure 4 - Catalytic peroxide oxidation of 4-NP with Karatau clay (4-NP 5 g/L, H,0,17.8 g/L, 2.5g clays, pH= 3.0, 50°C)
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Figure 5 - Catalytic peroxide oxidation of 4-NP with Kokshetau clay (4-NP 5 g/L, H,0,17.8 g/L, 2.5g clays, pH=3.0, 50°C)
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Figure 6 - Conversion of TOC in the removal of 4-nitrophenol by CWPO with natural
and pillared clays from Karatauand Kokshetaus catalyst at 8 and 24 hours of reaction time.
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The highest activity was observed when Karatau clay was used as catalyst: the total organic carbon
conversion was 40.4%, and 51%, whereas with the pillared Kokshetau clay conversion didn’t overcome
0% and 20% after 8 and 24 hours, respectively. Thus, it can be stated that the modification of pillared clay
by zirconium leads to excellent results. Previously published results on the oxidation of phenol using
zirconium pillared clays also indicate the best TOC values [16-18].

The pillaring process is followed by the development of porosity of natural clay, that leads to increase
of the surface area of the clays and, hence, more active sites may be available for the 4-NP molecules in
CWPO process [19-20].

4. Conclusions

Pillared clays were obtained on the basis of natural clays of Karatau and Kokshetau deposits.
Catalysts obtained by modification of pillared clays with Zr*" ions have a high efficiency in the oxidation
of 4-nitrophenol in dilute aqueous medium under very mild conditions (323°K and atmospheric pressure).
The best 4-NP and TOC conversion results were obtained by using the pillared clay from Karatau deposit
as catalyst. A complete removal of the contaminant was achieved after 2 hours with 97.3 % conversion.
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MNOJYYEHUE HUPKOHUEBBIX KATAJIM3ATOPOB
HA OCHOBE CTOJIBYATBIX I'VIMH JJIAA HEPOKCUAHOI'O
OKHUCJ/IEHUA 4-HUTPOPEHOJIA

AnHoTanus.OHIM U3 OCHOBHBIX OorarctB PecryOmmkm KaszaxcraH SIBISIOTCS NPHUPOAHBIE PECYPCHI, B TOM
yucie OoraTble W JIEIIEBbIe PUPOHBIE TIMHBI B I0XKHOM PErHoHe. XUMHYecKas NpoMbINUIeHHOCTh Kazaxcrana B
TIOCJIEIHUE TOIBI OBICTPO PA3BHBACTCS, M CYIIECTBYET HACTOSATENbHAsE HEOOXOAMMOCTD HAWTH PEIICHNUS JUIsl OUUCTKU
CTOYHBIX BOJ. OJTa paboTa HarpasjeHa Ha M3y4YEHHE NPHUPOIHBIX TJIMH B CHHTE3€ HHM3KO 3aTPaTHBIX CTOJIOYATHIX
TJIMH, KOTOPBIE OYIyT UCIOJIb30BATHCS B KAYECTBE KATAM3aTOPOB B TEXHOJIOTHAX OKUCIIEHUS U1 OYMCTKH CTOYHBIX
Box. HutpodeHonsr o0ObIMHO BCTpewaroTCss BO MHOTMX THIIAX CTOYHBIX BOJ (TPOM3BOACTBO ILIACTMACC,
(hapMareBTHKH, OyMard 1 MeCTUIIUIOB).

Ouncrka TakuxX crenuprIecKuX CTOYHBIX BOJ MO KIACCHYECKUM CXEMaM He Bcerja obecreunBaeT 0e30macHbIi
YpOBEHb 3arpsi3HEHUI B cOpachiBaeMbIX Bojax. [losTomy nanbHeiIee pasBUTHS XUMHYECKOH HPOMBIIIIICHHOCTH
HeM30e)KHO CBSI3aHO C HEOOXOIUMOCThIO Oosiee 3((eKTHBHOrO 00E3BPEKUBAHMS CTOYHBIX BOJI, COJICPIKAIIUX
TOKCHYHBIE IPOAYKTHL. 4-HUTPO(EHON MCHOJB30BAICA B KAueCTBE THUIHUYHOTO MOAENBHOTO COCIUHCHUS B
WCCITEIOBAHMAX CKPUHMHIA KaTanmsaropa.Karanm3aTopbl Ha OCHOBE CTONGYATHIX TIHH C KaTHOHAMH Zr'  Gbimd
CHHTE3UPOBAHBI U3 MPUPOAHBIX TTHH MecTopoxaeHnii Kaparay n Kokmeray u nccienoBaHbsl pH KaTaTUTHIECKOM
okucnennu 4-aurpopenona npu 323°K. Cronbuarsie rmHbL, MoAupHIMPOBaHHbIE Zr' , HOKa3am Gojee BBICOKYIO
akTHBHOCTH B okucieHun 4-NP n TOC cenektuBHOCTH B oTHOImEeHHH oOpasoBanus CO, u H,O, yem npuponnas
riavHa. Hawnydiimepe3ysbTaThIIIOKOHBEpCHH 4-HUTpPO(EeHOa U MO KOJIWYECTBY yriiepojaa ObUIM MOJy4YeHbI MpU
UCIIONB30BAaHMHA  CTOJIOUATBIX TJIMH, TMOMYYCHHBIX HAa OCHOBE INMHBI KapaTayckoro MeCTOpPOXICHHMS.
[TonHOCYy NaneHne3ar pA3HEHUAO0bUIO JOCTUTHYTO TI0 HCTEYEHUH 2 9acOB CO CTENEHbI0 KoHBepcuu 97.3%.

Ki1roueBble cJI0Ba: NPHUPOAHBIC TJIMHBI, CTOJOYATHIC TIIMHBI, KATAIUTHYECKOE OKHCIEHHE, 4-HUTPO(DEeHOI,
CTOYHBIE BOJBI.
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4-HUTPOPEHOJIAbI ACKBIHTOTBIKIIEH TOTBIKTBIPY YIIIH BAFAHAJIBI
CA3BAJIIIBIKTAP HET'IBIHJEIT IMPKOHUI KATAJIM3ATOPJIAPBIH AJTY

Annoranus. Kazakcran PecriyGinkachlHbIH HETi3ri OailibIkTapbIHbIH Oipi TabUFH pecypcTap, COHBIH IlIiHje
OHTYCTIK OHIpiHIeTI ap3aH xoHe 0all Tabury ca3zdammbIkTap Oonbin TaObuianbl. CoHFBI XKbUIIApbl KazakcTanma
XUMHSL OHEPKaCiOl KapKbIH JAaMyna, COHIOBIKTAH MIHAETTI TYPAE arblHIBI CYNApIbl Ta3apTyOblH LICHITY >KOJIApBIH
Tabyaa KaXeTTuTK Oap. By skyMBIC aFbIHIBI CylapAbl Ta3apTy YIIiH TOTBIFY TEXHOJIOTHSIIAPBIHAA KOJNIAHBUIATHIH
KaTalu3aTop peTiHIe ap3aH OaraHabl ca30aIIbIK CHHTE3IHICT TAOUFU Ca30aIIIBIKTAP bl 3€PTTEYTe OaFbITTAIFaH.
JKanms! HUTpOdeHOIIap KenTereH arbIHIbI CYJIapablH Typiepinge (IuiactMace eHIIpiciHie, (apMaleBTHKa, Karas
JKOHE TecTHIUTTEp) Ke3meceni. OchlHAad HAKTBI arbIHIBI CyJapibl KIACCHKAIBIK CXeMalapra CoHKec Ta3apTy
opIaiibiM CyJaparbl JIACTAybIIl 3aTTAapIbIH Kayilci3 JCHreiiH Kamtamachi3 ermneiini. COHABIKTaH, TOKCHHII
eHIMzIepi 0ap arbIHIBI CylapAbl THIMII 3aJachl3JaHbIpy XHMUs OHEPKICIOiHIH apbl Kapail JamyblHa CeMNTiriH
TUTI3eTIHI aHbIK. Karamu3arop CKpHHUHTIHJIET1 3€pTTeyliepre MOIENbAIK KOCBUIBIC peTiHAe 4-HuTpodeHoI
KOJIJAaHBUIIBI. Zr*" xatnons! Oap OaraHasbl ca30aIIbIK Heri3iHe kacairan Kaparay sxone Kekiieray MekeHIepiHiH
TaGuFH ca36aNIBIFKTApbIHAH CHHTE3ENIeH Katamsaropaap 323 'K TemrepaTypana 4-HUTpOpEHOIIbIH KaTaIH3/IiK
TOTBIFYBIH/IA 3€PITTEINreH. Zr*" mommdukaumsianFaH GaraHalubl CasOANMIBIKTAD TAaOWFH  ca30aimIBIKTapIaH
Kaparanna 4-autpodeHon TorerybiHna skoHe TOC motmxkecingeri CO, xone H,O Ty3imy kepcetkimmi OoWbIHIIA
JKoFapel OenceHamikTi Kepcerti. Kaparay MekeHiHIH TaOwfu ca30anmiblk HeTi3iHAe >KacaiuFaH OaraHajbl
ca30aNmIBIKTEl KOJNJaHy apKbUIBI KOMIPTEK MeImepi XoHe 4-HUTPOPEHON KOHBEPCHUSCH OOWBIHINA KaKCHI
HOTIOKeNnep albIHAbL 97,3% KOHBEpCHsl ICHrefiMEeH JlacTarblIl 3aTTap TONBIK 2 caraT iIliH/e >KOWBUIIBL.

Tyiiin ce3nep:Taburu casOammblKTap, OaraHalbl ca30aIIBIKTap, KaTaIWTHKAJIBIK TOTHIFY, 4-HUTpOoQeHoI,
aFbIHABI CyJIap.
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INVESTIGATION OF CHEMICAL CONSTITUENTS
OF LIGULARIA NARYNENSIS

Abstract. In this work, the quantitative and qualitative analysis of phytochemical constituents of medicinal
plant Ligularia narynensis from Kazakhstan has been made for the first time. Total bioactive components of L.
narynensis such as organic acids (0.64 %), flavonoids (0.52 %) and together with moisture content (5.14 %), total
ash (13.24 %), and extractives content (27.7 %) were determined. Eleven macro-micro elements from the ash of
plant were identified, main contents of them were K (2214.13 pg/ml), Ca (391.31 pg/ml), and Fe (311.73 pg/ml) by
using the method of multi-element atomic emission spectral analysis. In addition, twenty amino and eight fatty acids
were analyzed from the plant. The results showed that major contents of amino acids were glutamate (2452
mg/100g), aspartate (1238 mg/100g) and alanine (748 mg/100g), as well as in fatty acids were oleic (33.5 %) and
linoleic (41.2 %) acids, respectively.

Key words: Ligularia narynensis, bioactive constituents, macro-micro elements, amino-, fatty acids.

Introduction

Ligularia is the genus of perennial herbs of the family Compositae, containing about 180 Eurasian
species, 17 species growing in mountains of Kazakhstan [1]. Some species in this genus have been used
for a long time as folk remedies for their antibiotic, antiphlogistic, and antitumor activities [2-5]. More
than 27 Ligularia species have been used as traditional Kazakh and Chinese medicinal herbs for the
treatment of fever, pain, inflammation, and intoxication, and to invigorate blood circulation [6-9].
Previous studies confirmed the presence of sesquiterpenes, triterpenes, sinapyl alcohol derivatives,
lignans, alkaloids, and steroids in Ligularia [10]. Eremophilane sesquiterpenes are considered as the major
secondary metabolites and taxonomic markers of Ligularia genus. More than 500 eremophilane
sesquiterpenes have been reported from this genus [11, 12]. Additionally, oplopane sesquiterpenes have
been reported from L. narynensis [13].

Amino acids are one of the most important classes of natural compounds. The content of amino acids
in plants varies depending on the age of plants, the external conditions: from nutrition, temperature, day
length, moisturizing and qualitative composition of amino acids. The number of free amino acids
decreases with the age of the plant. In vegetative organs of plants, free amino acids are more than in
reproductive. An increase in the total amount of free amino acids is observed with a reduced nutrition of
plants with potassium, phosphorus, sulfur, calcium and magnesium. The same action occurs when a
number of microelements are lacking: zinc, copper, manganese, iron. This is due to the weakening of the
synthesis of proteins from amino acids under these conditions. An increase in the amino acids content is
also observed with an improvement in nitrogen nutrition [14].

Fatty acids are structural components of lipoproteins of cell membranes and participate in the
implementation of a number of important biochemical processes in the cell. The greatest biological
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activity is observed in fatty acids with two or more double bonds. It is to such unsaturated fatty acids are
linoleic, linolenic, arachidonic acids. Unsaturated fatty acids prevent the development of atherosclerosis,
reduce blood clotting and reduce the possibility of thrombosis. They increase the protective properties of
the organism and its resistance to infections, relevant to the development of many skin diseases. There are
data on the ability of such acids to prevent the action of substances that cause the development of tumors
[15].

This study has made the investigation of the chemical constituents from Kazakh medicinal plant of L.
narynensis grown in Almaty region of Kazakhstan for the first time.

Materials and methods

Plant material. The root part of plant L. narynensis was collected in September 2017 from
Butakovskoe gorge of 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 roots of L. narynensis were cut into small pieces and stored at room temperature.

Experimental part. The quantitative and qualitative contents of biologically active constituents of
underground part of the plant were determined according to methods reported in the State Pharmacopeia
XI edition techniques.

In the “Center of Physico-Chemical methods and 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 was analyzed elemental constituents. To determine the mineral
composition of ashes was used Shimadzu 6200 series spectrometer.

Method for the determination of amino acids. 1 g of the analyte, hydrolyzed in 5 ml of 6N
hydrochloric acid at 105 °C for 24 hours, in ampoules sealed under a stream of argon. The resulting
hydrolyzate is evaporated three times to dryness on a rotary evaporator at a temperature of 40-50 °C and a
pressure of 1 atm. The resulting precipitate is dissolved in 5 ml of sulfosalicylic acid. After centrifugation
for 5 minutes, the packed liquid is passed through a column of ion exchange resin at a rate of 1 drop per
second. After this, the resin is washed with 1-2 ml of deionized water and 2 ml of 0.5N acetic acid; then
the resin is washed to neutral pH with deionized water. To elute the amino acids from the column, 3 ml of
a 6N NH4OH solution is passed through it at a rate of 2 drops per second. The eluate is collected in a
round bottom flask together with distilled water, which is used to wash the column to a neutral pH
medium. The contents of the flask are then evaporated to dryness on a rotary evaporator at a pressure of 1
atm and a temperature of 40-50 °C. After adding a drop of freshly prepared 1.5% SnCl, solution, 1 drop of
2,2-dimethoxypropane and 1-2 ml of propanol saturated with hydrochloric acid, it is heated to 110 °C,
keeping this temperature for 20 minutes, and then the contents are again evaporated from the flask on a
rotary evaporator. In the next step, 1 ml of freshly prepared acetyl reagent (1 volume of acetic anhydride,
2 volumes of triethylamine, 5 volumes of acetone) is introduced into the flask and heated at a temperature
of 60 °C for 1.5-2 minutes. The sample is again evaporated on a rotary evaporator to dryness and 2 ml of
ethyl acetate and 1 ml of a saturated NaCl solution are added to the flask. The contents of the flask are
thoroughly mixed and as the two layers of liquids are clearly formed, an upper layer (ethyl acetate) is
taken for gas chromatographic analysis.

To determine the amino acids composition was made erenow [16] of the raw material used GC/MS
device. GC/MS analysis: the roots of L. narynensis were analyzed by Gas Chromatograph coupled to
Mass Spectrometer using polar mixture of 0.31% carbowax 20 m, 0.28% silar 5 CP and 0.06% lexan in
chromosorb WA-W-120-140 mesh., column (400 x 3 mm). The column temperature was programmed
from 110°C (held for 20 min), at 6°C/min from 110°C to 180°C, at 32°C/min from 185°C to 290°C. When
it reaches to 250°C, it should stay constant till finishing analysis of all existed amino acids. The
chromatogram is counted according to an external standard.

Determination of the fatty acids composition of dried plant L. narynensis extracted with a chloroform-
methanol mixture (2:1) for 5 minutes, the extract is filtered through a paper filter and concentrated to
dryness. Then, to taked extract add 10 ml of methanol and 2-3 drops of acetyl chloride and further
methylation at 60-70°C in a special system for 30 minutes. The methanol is removed by rotary
evaporation and the samples are extracted with 5 ml of hexane and analyzed using a gas chromatograph.
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As a result, chromatograms of methyl esters of fatty acids were obtained. By comparison with reliable
samples by the time of exit from the column, eight fatty acids were identified. To determine the
components was used the internal normalization method.

Results and discussion

The quantitative and qualitative analysis of biologically active constituents together with moisture
content, total ash, and extractives contents were determined from roots of L. narynensis. The results are
shown in Table 1.

Table 1 — Quantitative analysis of bioactive constituents of L. narynensis

Content, %

Moisture content Ash Extractives Organic acids Flavonoids
5.14 13.24 27.7 0.64 0.52

In “Center of Physico-Chemical methods of analysis”, Republican State Enterprise Kazakh National
Al-Farabi University, MES RK using the method of multi-element atomic emission spectral analysis in the
ash of L. narynensis there were determined eleven macro- and microelements, shown in Table 2 and major
of them was K (2214.13 pg/ml), Ca (391.31 pg/ml), Fe (311.73 pg/ml). Potassium is involved in the
process of carrying out nerve impulses and transferring them to innervated organs, promotes better brain
activity, is also necessary for the implementation of contractions of skeletal muscles. Calcium plays a very
important role in many intra- and extracellular processes, including the contractile function of the cardiac
and skeletal muscles, nerve conduction, regulation of enzyme activity, and the action of many hormones.
It is also a cofactor of the activation of many enzymes or the formation of a number of enzyme complexes
in complex, multistage processes of blood coagulation. Iron is a part of the hemoglobin of erythrocytes,
myoglobin and many enzymes, participates in hematopoiesis [17].

Table 2 — 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 1.57 2.58 0.05 0.66 311.73 0.36 11.73 2214.13 31.74 288.08 391.31

In the composition of amino acids mainly were glutamate (2452 mg/100g), aspartate (1238 mg/100g)
and alanine (748 mg/100g). The results shown in Table 3. Glutamate is one of the most abundant of the
amino acids. In addition to its role in protein structure, it plays critical roles in nutrition, metabolism and
signaling. Post-translational carboxylation of glutamyl residues increases their affinity for calcium and
plays a major role in hemostasis [18]. Aspartic acid increases immunity, metabolism, deactivates
ammonia, participates in the formation of ribonucleic acids, promotes the removal of chemicals, including
drugs, restores working capacity. Studies conducted by scientists have proved the effectiveness of taking
asparaginic acid preparations for increasing testosterone levels. Aspartic acid is taken as an additive by
bodybuilding athletes to improve strength, increase libido and testosterone in the blood [19]. Alanine also
increases immunity and provides energy for brain and central nervous system, the muscle tissue. This
amino acid protects against the development of cancer of the pancreas and prostate gland [20].

Quantitative composition of fatty acids in L. narynensis mostly contained in linoleic acid (41.2 %)
and oleic acid (33.5 %), showed in Table 4. Linoleic acid is an essential fatty acid in nutrition and is used
in the biosynthesis of prostaglandins and cell membranes [21]. Oleic acid can inhibit the progression of
diseases affecting the brain and adrenal glands, as well as improve memory and reduce blood pressure, but
there is evidence that the substance can provoke cancer, in particular breast cancer [22].

—— 4 ——
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Table 3 — Amino acids contents of L. narynensis

Molecular Amount
Ne Amino acids Structure MW in plant,
formula mg/100g
1 2 3 4 5 6
i
i H-.C
1 Alanine C3H,NO, st \‘/ ~oH 89 748
NH2
0
2 Glycine C,HsNO, I)KOH 75 296
NH,
O
3 Leucine C¢H;sNO, \MOH 131 329
NHz
CH; O
4 Isoleucine C¢H3NO, HiC- : H 131 290
NH;
O
5 Valine CsH;NO, /LI)LOH 117 278
NH,>
(n) o)
6 Glutamate CsHoNO, HO™ H 147 2452
NHz
OH O
7 Threonine C4HgNO;, HiC )YH\OH 119 275
NHy
0
8 Proline CsHoNO, (\HH)H 13 528
—~NH
Q
1
9 Methionine CsHuNO,S HgC/ S\/\I)\OH 149 80
NH;
O
10 Serine C3H;NO; HU/\‘)\OH 105 356
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Oxkonuanue mabauywl 3

1 2 3 4 5 6
1 Aspartate C.:HNO, OY\KH\DH 133 1238
OH NH,
0
12 Cysteine C;H,NO,S H S/H)I\OH 121 34
NH2

13 Oxyproline CsHyNO; 0 131 2
HO
0
14 Phenylalanine CoH;1NO, 165 290
15 Tyrosine CoH1NO; 181 345
16 Histidine C¢HoN30O, 155 218
17 Ornithine C5H12N202 132 2
18 Arginine Ce¢H14N4O, 174 510
19 Lysine C6H14N202 146 296
20 Tryptophan C11H12N202 204 120

— 26 ——
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Table 4 — Fatty acids contents of L. narynensis

Ne Fatty acids Molecular Structure Mw  Amountin
formula plant, %

1 Meristic acid C14:0 C14H2302 /\/\M\/’\AAQH 228 2.5
5 Pentadecanoic acid C1sH30, Hsc\/\/\/\/\/\/\/ﬁ\o 242 14
CISZO H

Q
3 Palmitic acid C 16:0 C16H3202 256 14.3
P W e N N N NP
0
= OH

4 galmltolelc acid C1eH300, 254 11

16:1
5 Steari id C CisH360 i 284 5.2

€arin aci - .

18:0 1811362 e \)LQ“

6 Oleic acid ClS:l C13H3402 282 33.5
EH

7 Linoleic acid CIS:Z C18H3202 — 280 41.2

8 Linolenic acid Clg:} C18H3002 278 0.8

Linotenie scid

Conclusion

In summary, the quantitative and qualitative analysis of phytochemical constituents from root of
medicinal plant L. narynensis of Kazakhstan have been made for the first time. As the results of this study,
total bioactive components of L. narynensis were determined, eleven macro-micro elements from the ash
of plant were identified together with twenty amino and eight fatty acids were quantified from medicinal
plant. Presence of these bioactive constituents, may indicative that the plant has substances capable of
promote a better brain activity, the contractile function of the cardiac and skeletal muscles, nerve
conduction, and the action of many hormones, which play major roles in nutrition, in protein structure,
metabolism, signaling, in hemostasis, increase immunity, protect against the development of cancer of the
pancreas and prostate gland. The plant L. narynensis has high research potential and demands
multidimensional study.
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LIGULARIA NARYNENSIS XUMUAJIBIK KYPAMBIH 3EPTTEY

Annoranusi. Byn xymeicta Kasakcranma eceTiH mopiitik eciMIikTiH Ligularia narynensis (UTOXUMHUSIIBIK
KYPaMbIHBIH CaHJBIK OHE CalalblK Tajnaybl OIpiHIN peT >Kypri3uimi. OCIMAIKTIH bUFANAbUIBIFEL (5.14 %),
kynaimiri (13.24 %) sxoHe oskcrpaktuBrimiri (27.7 %), coHbiMeH Oipre opranukanblk Kbeimkeul (0.64 %),
¢maBononarap (0.52 %) CHSAKTHI OMOJIOTHSUIBIK AKTHUBTI KOMIIOHEHTTEpP KYpaMmbl aHBIKTAJIABL. ATOMIBIK 3MHCCHUS
CHEKTpAJbJbl Tanjay oJICiH KOJJaHa OTBIPBIN, OCIMIIKTIH KYJiHIEri OH Oip Makpo- »XOHE MHKPOdJIEeMEHTTEpi
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3epTTeNi XKoHe OHBIH Heri3ri Kypambl K (2214.13 mkr/mi), Ca (391.31 mxr/mi), Fe (311.73 mkr/mi). bynan 6acka,
JKUBIPMa aMUH JKOHE CETi3 Maiiibl KBIIMIKBUI aHBIKTAJABL. AJIBIHFAaH HOTIDKENEp OOWBIHINA aMHHKBIIIKBUIIAPIBIH
HeTi3ri KypaMmsl rirytaMat (2452 mr/100r), acmaprat (1238 mr/100r) xone amanud (748 mr/100r), mait KypambiHaa —
onenH (33.5 %) xone nmuHOI (41.2 %) KBIIKBUTAAPHL.

Tyiiin ce3nep: Ligularia narynensis, ONOaKTHBTI Kypamjactap, Makpo-, MUKPO3JIEMEHTTep, aMHHO-, MaiiJIbl
KBIIIKBUIIAP.

A.K. Hypasibexosa', E. STur %, MLA. [Tioce6aeBa’, 2K.A. A6uios’, XK. Kennc

'Kasaxckuii HAMOHANBHEIN YHHBEPCHTET HMeHH anb-Dapatu, Anmarsl, Kazaxcras;
2Shanghai Institute of Materia Medica, Chinese Academy of Science, [1lanxait, Kuraii

HNCCIIEJOBAHUE XUMHNYECKOI'O COCTABA LIGULARIA NARYNENSIS

AnHOoTauusa. B pganHOW paboTe BhepBbie OB CHOETaH KOJIMYECTBEHHBIM W KAaYeCTBEHHBIH aHAIU3
(UTOXMMUYECKUX COCTABIIIONINX JeKapcTBeHHOro pacTeHus Kasaxcrana Ligularia narynensis. OupeneneHsl
OHOJIOrMYEeCKH aKTHUBHBIE KOMIIOHEHTBI L. narynensis, Takue kak opranudeckue kuciotsl (0,64 %), diaaBoHOHIbI
(0,52 %) Bmecrte ¢ conepkanuem Biaru (5,14 %), ooieit 30mb1 (13,24 %) u S3kCcTpakTUBHBIX BetecTs (27,7 %). [lpu
MCIOJh30BAHUH METO/Ia MHOTO3JIEMEHTHOI'O CICKTPAJILHOTO aHAIM3a aTOMHOM 3MHCCHHM B 30JI¢ pacTeHHs ObLTH
UACHTU(DUIIMPOBAHBl OJMHHAALATH MaKpO-, MHKPOIJIIEMCHTOB, OCHOBHBIMH M3 KOTOpBIX sBIsitoTcs K (2214,13
mkr/mi), Ca (391,31 mxr/mi), Fe (311,73 mxr/min). Kpome toro, Obutn poaHalu3upOBaHbl ABA/IAaTh aMUHOKUCIIOT
M BOCEMb XHPHBIX KHCIIOT, COACPIKAIIMXCS B PACTCHUU. Pe3ynbTaThl MMOKA3aJd, YTO OCHOBHBIM COCTAaBIISIFOIIUM
aMUHOKHCIIOT ABISIOTCS riryTamat (2452 mr/100r), acmaprar (1238 mr/100r) u amammn (748 mr/100r); >KupHBIX
KHCIOT — onenHoBas (33,5 %) u muHOMEBas (41,2 %) KUCTIOTHL

KuaroueBsle caoBa: Ligularia narynensis, OWOaKTHBHBIE KOMITOHEHTBI, MaKpO-, MHKPOAIIEMEHTHI,
AMUHOKHCIIOTHI, )KUPHBIE KUCIIOTHI.
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THE OBTAINING AND INVESTIGATION OF PHYSICAL
AND CHEMICAL PROPERTIES OF CARBON MATERIALS BASED
ON POWER-GENERATING RAW MATERIALS RK

Abstract. The method of obtaining activated and impregnated carbon sorbent based on the special coke of the
Shubarkol field is described. Elemental and X-ray fluorescence spectroscopic analysis of the raw material was
carried out. Physical and chemical characteristics were studied, the specific surface area of the raw material and the
obtained carbon materials were determined. It is shown that the specific surface area rises from 14.44 m*/ g to 361.4
m?/g when the coke is activated by water vapor, with additional impregnation up to 504.425 m*/g. The use of coke as
a raw material simplifies the technology of obtaining a carbon support, reducing energy consumption and increasing
the environmental purity of the process by eliminating the carbonization stage of the coal. The possibility of using
impregnated coke for deep cleaning of furnace gas of the phosphorous industry from toxic substances was also
investigated.

Key words: active coals, impregnation, power-generating coals, specific surface, phosphine.

Introduction. The phosphorous industry is one of the sources of pollution of atmospheric air of the
environment, as in gas emissions contain toxic gases such as phosphine, phosphorus anhydride, hydrogen
sulfide, etc. Only in the Zhambyl branch of LLC «Kazphosphatey NDFZ, in the production of 110.0
thousand tons of yellow phosphorus, 4969.36 tons/year of gaseous substances are released into the
atmosphere. Specific output of furnace gas at phosphorous plants is 2800-3000 m® per 1 ton of phosphorus
[1].

The furnace gas of phosphorus production contains about 85-90% carbon monoxide [2], which can be
used as a raw material in organic synthesis. However, the use of furnace gas is limited because the furnace
gas the content of phosphine that is a potent catalyst poison [3]. Also currently an urgent problem for the
phosphorous industry is an unsuccessful system for cleaning gas-dust emissions. The solution of these
problems is the use of sorption and catalytic purification methods [4,5]. The advantages of these methods
are the ability to remove contaminants to almost any residual concentrations. Moreover, lack of secondary
pollution and the controllability of the process, the relatively low cost of construction of sewage treatment
plants. Also high removal efficiency of low concentrated contaminants; the small footprint of the unit
adsorption purification; the possibility of adsorption of substances in multicomponent mixtures.

Activated carbons are universal adsorbents and supports of catalysts due to their unique properties,
high chemical and heat resistance, strength, high sorption capacity in relation to various substances,
stability of its structure under the reaction conditions [6,7]. As is known, impregnation of activated
carbons with oxides or chlorides of metals creates specific forces on their surface (hydrogen bonding,
acid—base interactions or chemical reactions, complex formation, etc.) responsible for chemisorption.
Based on the literature data, copper salts with additives of transition and rare-earth metals are the most
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frequently used impregnating agents for purification from phosphine [8-12]. Therefore, copper, zinc and
chromium salts were chosen as impregnates in this work.

The aim of this work is to obtain and study the physical and chemical properties of the carbon support
and catalyst based on the special coke of the Shubarkol field for cleaning the furnace gas of a phosphorous
plant from toxic substances such as phosphine, phosphoric anhydride, hydrogen sulphide, etc..

Materials and methods

In the present work, a special coke on the basis of coal "D" of the Shubarkol field was used as the
carbon raw material.

Elemental and X-ray fluorescence spectral analysis of raw materials was carried out on the elemental
analyzer "Vario Micro Cube", Germany and X-ray fluorescence spectrometer "Focus-2M", Russia,
respectively.

Obtaining a carbon support on the basis of the special coke. Special coke on the basis of coal grade "
D " Shubarkol field previously crushed to a fraction of 1.5-4 mm, then activated with water vapor at a
temperature of 850-950°C. The activation process transforms the carbon material into a form that contains
as many randomly distributed pores of various shapes and sizes as possible, thereby increasing the specific
surface area of the sorbent [13].

Impregnation of carbon support with the metal salts. The impregnation of the sorbent was carried out
with solutions of the following salts in a certain order: Zn(CH3;COO),, (NHy),[Cr(C;04),],
Cu(NHy),[Cu(C,04),] to obtain the required concentrations of the oxides in the solid residue with further
evaporation of the solution. The concentration of oxides in the solid residue was determined by atomic
absorption spectroscopy on the spectrometer «AAnalyst 400», Perkin Elmer, Germany. Drying of
impregnated sorbent was carried out at 120-140 °C for 20 minutes, then calcined at 260-295 °C for 10
hours with a heating rate of 10°C/min in the air at Teflon and steel trays on the muffle furnace SNOL
7,2/1100. As a result, a carbon-metal system with the following content of metal oxides was obtained:
CuO 8.3-9.8 mass.%, ZnO 0.4-0.6 of the masses.% , Cr,O; 0.9-1.1 mass.% [14].

Humidity was determined by the difference between the masses of the original sample (its mass is ~1
g) and dried sample at 110°C for 1 h in the weighing bottle. Ash was also found by weighing a sample of
sorbent with a mass of 1 g, heating it for 2-2.5 hours at 800 ° C. In all cases, three parallel experiments
were conducted [15].

When determining the sorption capacity for iodine, preliminary preparation of the sample was carried
out, which consist in a 10-minute boiling of 20 g of sample in 200 cm’ of 0.2N solution of HCI, followed
washing it with distilled water and drying for 1 hour at 110 ° C. To determine 1 g of the sample shake 15-
30 min with 100 cm® 0.1N iodine solution in KI (25 g/dm?), then aliquot (10 cm’) titrated 0.1 N sodium
thiosulfate solution (indicator — starch) [16].

The mass fraction of volatile substances and the total volume of pores is determined by RMG 6382-
2001 and RMG 17219-71 [16, 17].

The pH of the aqueous extract was determined by the procedure of [18].

pH of the aqueous extract was determined at 3-minute boiling of 5 g of finely ground sorbent in 50
cm’ of distilled water with a reverse refrigerator, followed by rapid filtration of the suspension through a
paper filter and cooling it before pH measurement [19].

The sorption capacity by methylene blue is determined for a dry sample weighing 1 g, which is in
contact with the solution in static mode. The contact time is 24 hours. The sorption capacity E,, of sorbent
is calculated from the difference between the concentrations of methylene blue solution before and after
the experiment. Analysis of the concentration of methylene blue was carried out on a
photoelectrocolorimeter AR-101, Japan [20].

The specific surface area and the total pore volume were determined by the Brunauer—Emmet—Teller
(BET) method using the standard procedure based on the data on the measurement of adsorption —
desorption isotherms at 77 K using the surface area and pore size analyzer NOVA 3200E (Quantachrome
Instruments, USA).

Methodology of sorption purification of furnace gas. The laboratory installation for the purification of
furnace gas consisted of a series of connected Drexel flasks, the volumes of which are 50 ml, filled with
5% soda Na,COj; and 25% solution of copper sulfate, benzene to absorb yellow phosphorus, and the flask
filled with 207 g of impregnated sorbent (figure 1).
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11 - the valve; 2,10 - clamps; 3 - Na,COj3 soda solution 5%; 4 - CuSOy - 25%, 5-8 - absorbers are empty; 6 - absorber with
benzene for Py; 7 - absorber with NaOH solution for P,O5 and HF; 9 - impregnated adsorbent; 11 - theometer; 12 - flue.
Figure 1- Scheme of deep cleaning of furnace gas from PH;, as well as other associated gases

e

From the flue is supplied furnace gas, which is passing through the cleaning flasks Drexel undergoes
deep cleaning. The flow rate of the furnace gas was controlled with the rheometer and was 1 dm’/min. The
purification tests were carried out for 2.5 hours. Gas samples were taken at the beginning of the
experiment and 2 hours after the start of the experiment. The concentrations of P,O5 and PH; before and
after purification were determined by the photocolorimetric method [20,21], and concentrations of the
associated gases were determined by the methods of [22-24].

Results and discussion

Visually, the special coke of the Shubarkol field used as a feedstock, solid, has a grayish-black color
and a characteristic specific smell (velvet-black color on the fracture of the pieces). Fraction size from 0,1
to 10 mm. Elemental and component composition of the initial coke is presented in tables 1,2. As can be
seen from the table, coke is characterized by a high content of carbon - 80.501%, a small amount of sulfur.
The oxide composition of coke is dominated by oxides of silicon, aluminum, calcium and iron.

Table 1-Elemental composition of the special coke

Element Content, %
Carbon 80.501
Hydrogen 3.971
Sulfur 0.054

Nitrogen not found
Unidentified elements 15.474

Table 2 - Component (oxide) quantitative composition and total sulfur of the original special coke

Component Content, %
Na,O 0.01
MgO 0.03
Al,O4 1.09
Si0, 2.14
P,0; 0.03

K,0 0.06
CaO 0.63
TiO, 0.06
MnO <0.01
F6203 0.14
ILILIL 95.81
Total 100

S total 0.03

— 3 ——
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As a result of activation of the special coke with water vapor, the specific surface area increases from
14,443 to 361, 377 m2 / g, and the iodine number increases from 1.78 to 40.47%, this improves the
sorption properties due to the burnout of unstructured amorphous carbon (Table 3). The mass fraction of
volatile substances and moisture is significantly reduced.

Table 3-Physico-chemical characteristics of the initial and activated coke

Ne | Name of the indicator Initial coke Activated coke
1 Mass fraction of moisture, % 22.24 2.24

2 Mass fraction of ash, % 6.61 6.24

3 Mass fraction of volatile substances,% 9.98 0.1

4 Adsorption activity by iodine, % 1.78 40.47

5 Specific surface area, m*/g 14.443 361.377

The total pore volume of activated coke is determined, which is equal to 0.59 cm’/g, and the sorption
capacity for methylene blue is 114 mg/g and pH of aqueous extract 7.1. The data obtained indicate that the
obtained carbon material is comparable to the known commercial BAU-A sorbent by sorption properties
[25].

Impregnation of activated coke with solutions of salts Zn(CH3;COQ),, (NH4),[Cr(C,04).],
Cu(NHy),[Cu(C,04),] increases the sorbent ash content to 19.5-20.0%. Figure 2 shows the isotherm of
adsorption and desorption of nitrogen in impregnated coke. The adsorption isotherm is of type I or
Langmuir isotherm, inherent for microporous samples with a relatively small outer surface, where the
limiting amount of adsorbate depends more on the available volume of micropores [26].
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Figure 2 — The isotherm of adsorption and desorption of nitrogen on impregnated coke

The specific surface area determined by the BET method for the nitrogen adsorption isotherm is
504.425 m?/g, which is 1.4 times greater than the activated coke.

According to the analysis of the pore volume distribution, the sorbent obtained relates to fine-porous
sorbents, the volume of mesopores (15-50 nm) is not more than 0.0118 cm’/g, the volume of micropores
(0-15 nm) is 0.1380 cm’/g, macropores are absent.
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In the central factory laboratory of LLC «Kazphosphate» NDFZ, in February 2018, laboratory tests
were carried out on the technology of deep cleaning of furnace gas adopted at the plant using coke
impregnated with salts of active metals. The purpose of the tests was to establish the possibility of using
the developed adsorbent for deep purification of the furnace gas from phosphine and other associated

gases. The average composition of the furnace gas is shown in Table 4.

Table 4 - Average composition of furnace gas of LLC «Kazphosphate» NDFZ

The composition of furnace gas

Py, P,0s, PH; F, Stotal> COL% PH; % 0, % CO,% H, % CH,, %
Mr/™M Mr/M° Mr/m’ Mr/M° MI/M (06.) (06.) (06.) (06.) (06.) (06.)
180 180 770 52 430 0,6 0,2 2,0 65,5 1,3 0,4

As a result of the studies, it was found that impregnated coke exhibits a high degree of purification
with respect to phosphine, phosphoric anhydride and concomitant gases (HF, H,S) throughout the
experiment, and poorly adsorbs SO, (Table 5).

Table 5 — test Results for cleaning of furnace gas LLC «Kazphosphate» NDFZ

Date Sampling Defined Before cleaning After cleaning the Purification Temperature
point components mg/m’ mg/m’ efficiency,% of sampling
16.02.18 the furnace P, 351,522 traces 100 27°C
1 sampling Ne6 SUPG P,Os4 804,985 traces 100
(at the PH; 1497,415 3,475 99,8
beginning of the HF Crnenpl traces 100
experiment) H,S 488,225 traces 100
SO, 917,863 734,291 20,0
2 sampling the furnace P, 277,066 traces 100 31°C
(after 2 hours) Ne6 SUPG P,Os4 634,481 traces 100
PH; 886,787 15,687 98,2
HF Crnenpl traces 100
H,S 494,761 traces 100
SO, 930,151 930,151 —

Conclusion. As a result of the work, the sorbent activated and impregnated with salts of metals was
obtained on the basis of the special coke of the Shubarkol field and their physical and chemical properties
were determined. It is noted that the impregnated sorbent obtained has a fine-porous structure and a high
specific surface area. The results of the study showed that the impregnated adsorbent exhibits high
sorption characteristics in the purification of furnace gas LLC «Kazphosphatey NDFZ. The resulting
carbon catalyst is a promising adsorbent for deep purification of furnace gases of the phosphorous industry
and is recommended for research in semi-industrial and industrial conditions.
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DEMULSIFICATION EFFECT OF NON-IONIC SURFACTANTS
TWEEN-20, TWEEN-80 ON MODEL WATER-IN-OIL EMULSIONS

Abstract. Breaking of water-in-oil emulsions is a necessary part of crude oil preparation for processingandthe
development of new demulsifying compositions has importance for the Republic of Kazakhstan.In this research, the
demulsificationeffectof non-ionic surfactants Tween-20, Tween-80 with a high value of hydrophilic—lipophilic
balance (HLB)was considered. For thermal treatment of water-in-oil emulsion the model emulsions based on crude
oil of North-West Konys with 30%, 40%, 50%, 60 % (vol.) of water phase concentrationwerestudied. The degree of
oil emulsion dewatering in the presence of Tween-20 do not exceed 63% at temperature 60°C. The optimal term of
thermal chemical breaking down by means of mixtures of non-ionic surfactants Tween-20, Tween-80 and anionic
surfactant sulfanol at a ratio of 1:1 (vol.) was determined. The maximum demulsification equaled to 97.01% after
100 min for 30-50% water-in-oilemulsionwas found out for Tween-20 — sulfanol mixture at a ratio of 1:1 at 60°C.
The results confirm the opportunity of using of mixtures of Tweens with anionic surfactant sulfanol as demulsifying
reagents.

Keywords: thermal chemical demulsification, non-ionic surfactants, Tween-20, Tween-80, sulphanol, water-in-
oil emulsions, breaking of water-in-oil emulsions.

Introduction

Water-in-oil emulsions (microheterogeneous and ultradispersed water droplets suspended in crude
oil) are formed as a result of oil production. The stability of water-in-oilemulsions varies from few
minutes to several years and depends on the oil field and the physicochemical characteristics of the crude
oil [1, 2]. Breaking of oil emulsions is an important part of oil preparation for processing, therefore the
development of new demulsifying compositions has importance for the Republic of Kazakhstan.

Crude oil emulsions must be broken down because they makecorrosion of pipelines and equipment
used for oil refining due to the presence of water droplets with dissolved chloride salts. Itfavors an
increase in the cost of transportation and refining of oil. In addition, the emulsified water causes changes
the properties of crude oil, such as viscosity, density, etc. [3].

The high molecular weight nonionic surfactants are widely used for breaking of oil emulsions. They
show a good demulsifying effect and do not leave any counter ions in crude oil and petroleum products
[4].

In the research, polysorbates or so-called Tweensrelated to polymer surfactants were used to select
highly effective destabilizers of water-in-oil-emulsions with the optimal composition and nature of
components. Tweens are viscous, oily liquids and they are derivatives of polyethylene glycols — sorbitan
esterified with fatty acids. Groups of ethylene oxide -(CH,CH,O)- and polyester of
carboxylicacidprovidethe hydrophilic properties to Tweens andpolysorbitan favor the lipophilic properties.
Tweensare widely used to stabilize the oil-in-water emulsions in practice [1]. Therefore, it was
expectedthatthis type of nonionic surfactantscan be effective for breakingofthe water-in-oil emulsion, i.e.
they can be used for the breaking downthecrude emulsions (reverse emulsions)[1, 5]The polymeric
demulsifiers with rather high value of hydrophilic-lipophilic balance (HLB)adsorb at the water/oil
interfaceand destroy the adsorptionlayer of emulsifiers [1]. The presence of a developed hydrophilic part
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contributes to a greaterseparation of water from oil. Tweens have a suitableHLBdue to the large number of
ethylene oxides. Oxyethylatedgroupsinteract with the aqueousphase due to hydrogen bonds and provide a
strong hydrophilic partto the surfactant molecule.

It was shown in [6, 7] that a high molecular weight, an increase of the number of hydroxyl agents, and
a percentage of nonionic polymers in demulsifier compositions improves the demulsifying effect of the
surfactant. Studies have shown that an increase in the number of HLB is effective for demulsification [8].
Since Tweens have a high value of HLB, they can contribute to the breaking of in crude oil emulsion.

At present, there isno detailresearch on the demulsifying effect of Tweens and their compositions for
the destruction of oil emulsions of local oil fields lacking effective demulsifiers.

Experimental

For demulsificationinvestigation the non-ionic polymer surfactants Tween-20, Tween-80 and anionic
surfactant Sodium dodecylbenzenesulfonates(sulfanol)were used.

Tween-20— polyethylene (20) sorbitanmonolaurate, CsgH;14026.Tween-80 —polyethylene (20)
sorbitanmonooleate, CgsH 2402.

Sulfanolis produced as a mixture of related sulfonates.Itconforms to the formula R-C¢H4SO;Na,
where R is a radical corresponding to C,Hp,+1, n=14-18.

For preparation of a model emulsion the oil of North-West Konys oil field was used. Some physical-
chemical properties were determined: density (833 kg/m’), content of chloride salt (1,5mg/L), mechanical
impurities (0,067 %), sulphur (0,163 %)[9].

Water-in-oil emulsions of 30%, 40%, 50%, 60 % (vol.) concentration were prepared by mixing of oil
with 20 %solution of sodium chloride in water. Emulsification was carriedoutusing an IKA T 10 basic
ULTRA-TURAX homogenizer (Germany) at 10000 rpm for 30 min. The prepared emulsion was left for a
week to stabilize by adsorption of surface active components of the crude oil. The increase of the mixing
time and the number of rotations did not have a significant effect on the oil emulsion stability.

The kinematic viscosity of the oil emulsions was measured by means of glass viscometer for oil and
oil products bythe time of the outflow of the oil emulsion.

The dispersion of water droplets was measured using an optical microscope. A drop of crude oil was
placed on the glass slide and spread on it. The images were processed using a «Leica DM6000M»
microscope of the National nanotechnology laboratory of al-FarabiKazakh National University.

To determine the destabilizating ability of demulsifyer 50 ml of crude oil in graduated glass test tubes
and placed into a thermostat. The aqueous phase separation was visually monitored at regular time
intervals. The water separation in percent (W, %) was calculated as relation of volume of separated water
to the original volume of water in the emulsion.

To determine the demulsifying ability of the demulsifyer, 50 ml of oil was placed in a graduated test
tube, the required amount of demulsifier was added with a microdoser and mixed with a homogenizer for
5 minutes at 10000 rpm. Then the tube was placed into a thermostat at 40-60 °C and the volume of water
separated was determined every 10 minutes. At the same time, the state of water layer and the interface
were observed and assessed visually.

Results and discussion

Concentrations of model emulsions vary from 30% to 60% (vol.). The watering of crude oil
emulsions corresponds to these concentrations for oil fields of Kazakhstan in average as a result of
exploitation. Increasing of water content helps to model oil emulsion with different viscosity.

Emulsions with 10% and 20% of water are close to initial oil without water by their viscosity.
Increasing of water content in oil till50 % - 60 % effects on oil emulsion viscosity significantly (Fig. 1).
The viscosity of 60 % (vol.) model emulsion increases by 50 times in comparison with dewatered oil.

It is known that naphtenic acids, fatty carbon acids and their salts, asphaltenes, resins and high
molecular weight paraffins are the base natural stabilizers of oil emulsion [10, 11]. According to
quantitative analysis of oil components (asphaltenes, resins andparaffins) the stabile emulsions can formon
the basis of the probe of North-West Konysoil[9]. Analysis of the dispersion degree of the model emulsion
samples by means of the optical microscopy allows to relate them to highly dispersed system. Hence, it
confirms that the water droplets cannot sedimentunder the gravity. Theinvestigatedwater-in-oil emulsions
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are characterized by droplets of spherical shape and polydispersity. The sizes of water droplets range from
0.91 pm to 19.1 pm (Fig. 2).

K * 104 m?/s

0 10 20 30 40 50 60 70

water, %

Figure 1- Influence of water concentration on kinematic viscosity of oil emulsion. T=20°C

According to the optical microscopy images,theincreasing of water concentration in the emulsions is
accompanied by growth of the average diameter of the droplets(Fig. 2).1t is obvious that the increasing the
water dropletsize in an emulsions results inan increaseof watering degreeanddecreasing the
emulsionstability. However, so-called "cold settling" of model emulsions, i.e. sedimentation without
heating, and the thermal treatment of them from 40-60° C did not lead to the separation of water.
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Figure2— Optical microscopy images of oil emulsions with different water concentration (resolution 100 um)
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To study the demulsification 1 ml of 1% aqueous solution of Tweens was introduced into model
emulsionsof different concentrations and then emulsionswere mixed with Tween surfactant for 5 min
usingthe homogenizer.

The addition of Tween-20 and Tween-80 solutions showed that there is no separation of water at 40°
C and 50° C. The risein the temperature to 60° C led to the separation of water within 10 minutes and
reached a constant value after 120 minutes of observation.
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Figure3— The amount of water separated from oil emulsions of different concentrations
at the addition of Tween-20. T = 60°C

Fig.3 shows that water separation percentage increases with the growth of dispersed phase
concentration of water-in-oil emulsions. For 60% emulsion, the water separation was 63 %.

The maximum degree of dewatering for Tween-80 was insufficient, about 12% for emulsions studied
after the same observation time.

The greater demulsifying effect of Tween-20 can be explained by the difference of interfacial activity
at the water/oil interface and different hydrophilic-lipophilic balance of their molecules (HLB for Tween-
20 is 16.7, and for Tween-80 is 15.0) [1]. The higher the number of polysorbate, the higher the value of its
HLB, the lower its value; the ability to create stable emulsions of o/w decreases. The use of Tweens for
demulsification was interesting, since they are of natural origin, based on sorbitol and fatty acids from
base oils: coconut oil for Tween-20, olive oil for Tween-80. Tweens have the property of easily
decomposing in natural environments[12]. Therefore, they will not cause a deterioration of the quality of
oil processed, in comparison withotherchemical reagents.

In addition, the great amount of ethylene oxides, their number in Tweens equals to 20, favors the
study of demulsifying action of them. They have developed hydrophilic part able to penetrate to an
interfacial layer around the water droplet.

Heating to 60 °C reduces the viscosity of the oil medium and increases the difference between the
density of the dispersed phase and the dispersion medium, facilitating the coalescence of water globules in
accordance with the Stokes law when they collide. However, a further increase of temperature to increase
the water separation is not advisable, since this can lead to volatilization of light oil fractions.

The demulsifying effect of compositions of Tweens with anionic surface-active substance sulfanolwas
studied. Sulfanol is a more hydrophilic surfactant than non-ionic Tween. Therefore, for increasing the
hydrophilic-lipophilic balance the demulsifying effect of the Tween-sulfanolmixedcomposition was
investigated. Composition Tween 20 — sulfonolwas used in a ratio of 1: 1 (vol.).In addition, sulfanol refers
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to a sufficiently accessible technical anionic surfactantbecause it is produced as a mixture of related
sulfonates and can be obtained from an wastes of petroleum industry.

At room temperature and with a temperature rise up to 40 °C in the presence of the
surfactantcomposition, the water separation, as in the case of individual Tween-20 and Tween-80, was not
observed. Starting from 50 °C, after 10 minutes of settling, the degree of dehydration was 60 % and
reached 95.24% for 30-50 % of water-in-oil emulsions after 100 minutes of treatment. At 60 C for 30-50
% emulsions the maximum degree of dehydration is 97.01%, and for 60% of emulsion - 83.96% (Fig. 4).

For Tween-sulfanol mixture in the difference with individual non-ionics it is seen that 60% emulsion
has lower water separation in comparison with emulsions with small water concentration.
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Figure 4 — Degree of dewatering of oil emulsions of different concentration in the presence
of the composition Tween-20 - sulfanol. T =60 ° C

For aqueous mixtures of Tween 80 —sulfanol the degree of water separation at 50 °C for 30-40% of
emulsions, the degree of dewatering was 78.43%. For 60% emulsion W = 63.43% at the same
temperature. With an increase of temperature till 60 °C for water-oil emulsions of 30-40%, the maximal
dehydration degree was 82.09% and 75.63% respectively, for 60% emulsion — 59.7% (Figure 5).
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Figure5— Degree of dehydration of water-in-oil emulsions of different concentrations in the presence
of the composition Tween-80 —sulfanol. T = 60 ° C
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The Tween-20 — sulfanol formulation shows a greater demulsifying effect on oil emulsions in
comparison with individual non-ionic surfactants. This occurs probably due to the greater interfacial
activity of Tween-20 compared to Tween-80 and higher HLB value and the Tween-20 —sulfanol has an
additive demulsifying effect,displacingthe natural stabilizers from oil/water interface.

Conclusion

The demulsifying action of nonionic surfactants Tween-20, Tween-80 with high HLB value and their
mixtures with anionic sulfanolwas studied on model emulsions based on the crude oil of North-Western
Konys oil field.

The use of Tween-20 for breaking down the oil emulsions did not exceed 63% at 60 °C. The mixture
of 1% water solutionsof anionic and non-ionic surfactants at a ratio of 1:1 (vol.) shows a better
demulsifying action. According to results, the maximum demulsificationwas observed for the composition
of Tween 20 —sulfanol at 60 °C and equals to 97.01% after 100 minutes of thermochemical treatment of
artificial water-in-oil emulsions with water content of 30-50%. The research results showed the
opportunity of using Tweens mixtures with anionic surfactantsulfanolas effective demulsifying agents.
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A.O.AqnnboexoBa, K.M.Omaposa, lII.A6apaxmanoBa
On-Dapabu aTeiHIaFsl Ka3ak YITTHIK YHHBEPCHTETI

MOJIEJIbAI MYHAM SMYJIbCUSIJIAPBIHA MOH/IBI EMEC BA3 TBUH-20
KOHE TBUH-80-HIH JEDMYJIbCHUAJIAY 9CEPI

AHHoOTanusl. MyHalnpl eHzaeyre naWbplHIayJa MyHail SMyJbCUAJapblH Oy3y MaHbI3Abl OOJIFaHIBIKTaH
Kaszakcran PecryOnukacel YIIH jaHa JA€IMYJIbCUSIIAYIIBI KOMITO3UIMSUIAPIBI JKacay ©3€KTi Mocese OOJbIn
tabbuansl. XKoraps! ruapodunsai-munodpuisa 6ananc (I'JIB) monine ne nonast emec bA3 Teun-20 xone TBuH-80-
HIH JIedMYJIbCHsIIAY acepi 3epTTeii. TepMOXUMHSIIBIK OHACY/ I 3epTTey YIIiH Cyibl (a3a KoHueHTpauusuapsl 30%,
40%, 50%, 60 % (xe1.) OonaTHIH MOJEI/II MYHal AMYJILCHSIIAPHI KONJaHbLIIbI. MyHal SMyJIbCHSCBIHBIH CYChI3/IaHy
nopexeci Teua-20 Katbicsiama 60°C-ma 63%-man acransl. Teuu-20, TeUH-80 xoHe anMoHABl BA3 cynbhanon 1:1
(key.) KaTbIHACTAaFrbl KOCHAJAPABIH KATBICHIHIAFBl TEPMOXUMHSUIBIK TYHABIPYABIH ONTHMAJABI  LIAPTTaphI
aHpIKTaNAel. TBUH-20 MeH aHWOHABI BA3 cynpdanonm 1:1 (kexn.) KaThIHACTAaFbl KOMITO3HIMSCHI MaKCHMAIIBI
IeaMyJIbCHsUIay bl Kepcetei skaHe 30-50% cybl 6ap MyHaii smyJbcusuiapbiaaa 60°C 100 MUHYT TYHIBIPYIaH KeHin
97,01%-ra TeH exeHi TabbuIAbI. Jleamysbrupneynn pearentrep perine TBunaepniy anuonasl BA3 cynbbhanonmen
KOCTIAJIApbIH KOJIIaHyFa 00IaThlH MYMKIH/IITT KOPCETLII].

Tipek ce3mep: TepMOXUMHSIBIK JIEdMYJIbCUSUIAY, MOHJbI eMec OeTTiK-akTHBTI 3arrap, 1BuH-20, TBuH-80,
cyibdaHoI, Cy-MYHaHIIbI SMYJIbCHUsIIAp, MYHaH AMYJIbCHSIIAPBIH OY3Y.

YIK 544.7: 543.54: 544.72
MPHTH 31.15.35

A.O.Amnb0exoBa, K.M.Omaposa, III.A6apaxmanoBa
Kazaxckuil HalmoHATBHBIN YHUBEPCUTET UMEHH aib-Dapadu

JESMYJIbI'MPYIOUIEE JEHCTBUE HEMOHHBIX ITAB TBUH-20 1 TBUH-80
HA MOJEJIBHBIE HE®TSAHBIE OMYJIbCUHN

Annotanus.Pa3pynienne HeQTSHBIX SMYJIbCUI SBISETCS Ba)KHOM 4acThiO MOATOTOBKU He(TU K nepepaboTke,
MO3TOMY pa3paboTKa HOBBIX JIE€IMYJIBTUPYIOUIMX KOMIIO3UIIMH SBISIETCS aKTyallbHOM mpobiemoit st PecmyOnmkn
Kazaxcran. B pabote paccmoTrpenoneamynbrupyromniee aelicrsne HenonHsix [TIAB Tsun-20, TBuH-80, 0bmanarommx
BBICOKMM 3HadeHue ruapo¢mibHo-nunodmibHeM  Oanancom (IJIB). ns wnccnenoBaHWs TEPMOXHMMUYECKON
00paboTku BOJAOHE(TIHON AMYIBCHU OBUIM HCIIONB30BAaHBI MOJICNBbHBIC HE(TSHBIE SMYJIhCHH Ha OCHOBE HE(TH
mectopoxaeHusiCegsepo-3anaouwiti Konvic ¢ koHuentpamueir BogHod daser 30%, 40%, 50%, 60 % (oO6beMH.).
Crenenp 06e3BoxkuBanms HeTsIHOM IMynbcun B ipucyTcTBun TBHH-20 He npeBbiciia 63% npu remneparype 60°C.
OmnpeneneHbl ONTUMAIbHBIE yCIOBUSI TEPMOXMMHUYECKOTO OTCTaMBaHHUA B NPHUCYTCTBUH cMecel HenoHHbIX ITAB
Teun-20, TBuH-80 u annonHoro ITAB cynbdanonaB coorHouieHun 1:1 (00beMH.). MakcuMalbHasl J€IMyJIbCaLns
Obuta obHapyeHa it komnodunuu Teud 20 — cynbdanon B coorHomenuu 1:1 (o0bemu.) npu 60°C u paBHa
97,01% mnocne 100 MUHYT OTCTauBaHHs AJsl BOJOHE(PTSHBIX AMYJBCHH C coaepxkaHueM Boibl B Hedru 30-50%.
Pe3ynbTaThl NOATBEPXkKIAIOT BO3MOXKHOCTH HCIIOJIBb30BaHMsI cMecedl TBuHOB ¢ aHuoHHbIM [IAB cynbdanoiom B
Ka4ecTBE JeIMYJIbIUPYIOLINX PEareHTOB Ul 00e3BOKMBAHUS HEPTH.

KiloueBble cjI0Ba: TEPMOXUMHUECKOE AEIMYIbIUPOBAHHUE, HEUOHHBIE MOBEPXHOCTHO-AKTHBHBIE BEILECTBA,
Teun-20, TBuH-80, cynbhano, BogoHEDTSIHBIE SMYIbCUH, PAa3pyIICHNE HEPTIHBIX IMYIIBLCHH.
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INFLUENCE OF CUPROIONS ON COPPER POWDERS
FORMATION IN ELECTROREFINING OF COPPER

Abstract. The purpose of this work was to determine the ways of copper powders forming penetrating into the
sludge when copper is produced by electro-refining. Our studies were carried out by electrolysis in galvanostatic
conditions and by potential measurements using Autolab PGSTAT 302 potentiostat. The temperature varied between
25 and 75° C. Copper ions concentration in solutions after electrolysis was determined by potentiometric titration.

It is shown that copper ions (II) in sulfuric acid solutions in the presence of titanium (III) ions are reduced to
form elemental copper in powder, forms and sizes of particles in copper powders are determined by the electron
microscopic method.

Results of the study showed assumptions about the possibility of forming powders due to mechanical shedding
during anodic copper dissolution are not confirmed.

Our studies results allow us to conclude that the anode potential rises, then decreases, therefore, it constantly
fluctuates and leads to copper powders formation at this time.Cuproions’s concentration depends on copper electrode
potential and its oscillation can promote a shift in the equilibrium of Cu’ <> Cu * + e reaction to the right or to the
left. In industrial conditions, the value of the current in the circuit and the temperature of the electrolytecannot be
kept constant. For this reason, there is a periodic anode potential oscillation with different frequency amplitude. When
anode potential is shifted to negative region, it is possible to form a copper powder according to an above reaction.

However, the formed copper atoms cannot penetrate into the crystal lattice of the anode. As a result, finely
dispersed copper powders are formed on the electrode surface; they gradually pass into the solution and then
penetrate into sludge.

For the first time, on the basis of study and analysis results, a mechanism is established for copper powders
formation penetrating into the sludge composition during the electro-refining of copper. It is shown that the
formation of copper powders, their penetration into the sludge composition, is mainly directly related to the
oscillation of anode potential in electrolysis process and formation of various potential values at various sites of the
electrode surface.

Key words: copper, powder, cuproion, sludge, refining, potential, electrolysis, anode, cathode, electrolyte,
reduction.

Introduction. Following the traditionally developed technologies using pyrometallurgical method,
the metal is extracted with a purity of 99.9% with purification by electro-refining processes of more than
90% copper. At electrolytic refining of copper rare and precious metals not getting in a solution, collect on
the bottom of an electrolyzer in the form of a sludge; in this precipitate fall and disperse copper powders,
their quantity is about 60%.

From one ton of cathode copper, 1-1.5 kg of sludge is extracted. The composition of the sludge
depends on an anode composition. The amount of metals and compounds contained in the sludge, which is
formed by the method of electro-refining around the world (on average),%:

Cu—-10-66 As—0.1 -4.0Ni—0.05-0.5
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Ag—3-55Bi—0.001 0.5 SiO,— 0.3 — 7.0
Au—0.05-4.0Se—2-28S0,-6-15
Pb—0.9-12.0 Te —0.01 — 6.0

Sb—0.04 —30.0 Fe—0.04 — 1.5

Dispersed copper powders, which are part of the sludge composition, make it difficult to separate the
extraction of valuable elements such as gold, silver, selenium, tellurium. In short, the fact that copper
powders enter the sludge during electro-refining is unnecessary, and many studies are devoted to research
related to this phenomenon. However, scientists could not explain the loss of copper powders to the mud
for more than 100 years.

In short, some authors [13-15] explain the formation of copper powders during electrolysis by the
presence of metals with negative potentials in the form of impurities.

In the opinion of these authors, if there are metals in the composition corresponding to negative
potentials (Ni, Fe, Zn and others), then as a result of foundry anodic polarization rapidly dissolves, there is
a positive potential of copper, not soluble, then rubbed in the form of a powder.

In fact, the conducted studies have shown that, due to the presence of a large number of negative
metals in the composition of copper, when they dissolve, the growth of copper powders.

There is also an opinion that the insolubility of the copper anode can also be one of the reasons for
copper powders formation. During electrolysis, it can also be observed that the copper anode dissolves not
evenly.

The results of a special study showed that a fine powder precipitated in the sludge is very fine. For
this reason, some scientists suggest that these powders are formed chemically as a result of the
disproportionation reaction [16,17]:

2Cu*— |Cu’+ Cu** (D)

But the results of the study Makarov G.V. and other authors [10, 13] show that during electro-refining
the concentration of monovalent ion in the electrolyte volume does not reach the equilibrium state.
Therefore, it is unambiguous to conclude that copper powder cannot be formed as a result of the above
chemical reaction. Another proof of this hypothesis is:copper powder formation is observed even when a
pure copper anode is dissolved.

If copper powders are formed mechanically, then the size of their particles should be large.But how is
this possible from the chemical side?Before us was the task of answering such questions. In connection
with this, the purpose of our work is to studycopper ions reduction process in various cases.

Methods. The studies were carried out during electrolysis in the galvanostatic regime and using the
method of potential measurement byAutolab PGSTAT 302potentiostat. The temperature was changed
between 25-75° C. The concentration of copper ions in solutions after electrolysis was determined by
potentiometric titration.Copper (II) ions were oxidized in the presence of titanium (III) ions in sulfur
solutions.In this case, copper is recovered by the following reaction and is formed in the form of a powder:

Cu*" +2Ti" — |Cu’+ 2Ti"" )

We investigated copper powder components shape and size by electron microscopy.

Resultsand discussion. Copper powders formation in accordance with reaction (2) is analogous to
the result of the following reaction Cu * + e — Cu’, because here metal powders are realized by electronic
exchange. Forms of copper powders formed during carburization are shown in Figure 1. Photographing
was carried out in reflected light with the help of a polished section.The particles of copper powder are
different: inaccurate, isometric and some in different forms, oval. The edges of the particles are not
smooth. The particle size ranges from 0.001 to 0.10 mm. It was noted that the number of particles in the
horizontal direction with a size of 0.01-0.10 mm is dominant. At high temperatures (t = 90° C), copper
particles size decreases (the particle size is 0.001-0.005 mm horizontally). That is, the size of the particles
depends on the conditions of their formation.Therefore, as previously reported in [13-15], the various
shapes and sizes of metallic particles cannot be established as a result of the formation of copper powders
by anodic-mechanical weathering.

—— Y4 ——
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Figure 1 - The microphoto of a polished sectionof the bricketed powder of copper received at cementation
of ions of copper (II) by ions of the titan (III)
a) 25°C;b) 90°C; zoom in 1200 times

Copper powders can also be formed on the surface of the cathode. As a rule, the process of electro-
refining occurs when the concentration of copper ions is 40 g / L, and the current density in the cathode
does not exceed 250 A / m*.With such a high concentration on the surface of the cathode, the current
density cannot be higher than the limiting current.For comparison, a photomicrograph of the formed
copper powder was obtained from a solution containing 1.2 g / L of copper ions (II), 50 g / L sulfuric acid
at a cathode current density of 3000 A / m* (Figure 2). From this figure, the formation of a copper powder
from homogeneous particles of 1um in size is seen.

The results of our preliminary studies allow us to conclude that the anodic potential increases and
decreases, which means that its oscillations can lead to the formation of copper powders at this time. As
we found, the concentration of cuproion depends on the potential of the copper electrode, and its
oscillations can be shifted to the right or left of the Cu’Cu " + e reaction.In the case of production it is
impossible to maintain a constant current and the temperature of the electrolyte in the circuit, respectively,
the anode potential instantaneously drops to a certain value at a certain moment. When the anode potential
is shifted to the negative side, the copper powder can be formed by the above reaction. But structured
copper atoms cannot enter and settle into the crystal lattice of the anode. As a result, a fine-dispersed
copper powder is formed which adheres poorly to the surface of the electrode, which gradually passes into
solution, and then to the sludge.

20kV WDBmm 5530 =10,000 Apm

Figure 2—A microphotograph of copper powders formed during the polarization by a cathode current
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In other words,copper atom penetration into electrode crystal lattice becomes difficult.The reason for
this is that, regardless ofsmall potential shift to negative region, the electrode remains an anode.If we
assume that during the electro-refining in the production situation we shift the anode potential with an
amplitude of 0.5 mV and an average oscillation frequency by 1 Hz, then by the reaction Cu” + ¢ — Cu’,
the forming amount of copper powder can be calculated.According to the literature data [13], in the case
of industrial electrolysis (in the air atmosphere) in electrolyte solution’s volume, the presence of
monovalent copper ions.During the electrolysis in the diffusion layer, there will always be an equilibrium
amount of cuproions. They shift toward the formation of copper atoms when the equilibrium is shifted
toward the negative potential. Our studies have shown that the concentration of monovalent copper ions in
the solution depends on the potential of the copper electrode. (Figure 3).

[Cd].10" g-ion/L

80

6,0

E,B
0,33 034 035 0,36

Figure 3 -Dependence of cuproions concentration on electrode potential

If this is so, when the potential of a copper electrode changes by one volt, an approximate value of the
change in the concentration of cuproions:

lg (A[Cu'])/AE = 0,0064/0,035 = 0,182 g-ion/L = 11,6 g/L 3)

Calculations were made on the basis of data obtained from the copper refining manufactory.

When the anode potential is displaced in the negative direction to 0.001 V by reaction Cu * + ¢ — Cu’
0.0116 g/L copper powder is formed.

You can calculate the deviation for 20 days at a frequency of 1 Hz:

20-60-60-24 = 1728000 times (number of potential’s deviations) (4)
Calculation ofcopper powder concentration formed from one liter of electrolyte:
1728000 - 0.0116 =20.189 kg. (5)

And because of the presence of a solution of cuproion in the diffusion layer, it is necessary to
calculate the volume of the diffusion layer of one series.The number of serial anodes in the electrolysis
workshop is 740, their total area is 1480 m?, and the thickness of the diffusion layer is 6 = 107%™ [17].

Using these values, it is possible to calculate the diffusion layer’s total volume: V=S, -5 = 148000 xm*
-0.0001 oM = 14.8 L. The total amount of copper in each series, formed by the reverse ionization reaction,
for 20 days:

P=14.8 - 20.189 = 299.597 kg (6)
— 46 ——
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According to the literature, in this case, approximately 100 kg of a copper deposit close to the sludge
is obtained [4].

If you pay attention to this, you can see that the amount of copper powder formed in production
conditions corresponds to the amount obtained in the production of copper by electro-refining.

Calculations results show that the oscillation of the anode potential can actually be a source of copper
powder. Thus, during the deflection of the anode potential in the negative direction, and the electrode
surface, the following reaction occurs:

Cu'+e— Cu’ (7)

As a result of the above reaction (7), studies were conducted to determine the cause ofmetallic
powders formation.The copper electrode was built into an acid solution of copper sulfate in an inert
medium and for a long time was in this state.In which case the following reaction occurs:

Cut+ Cu*" — Cu” (8)

During this reaction, the monovalent copper ions were formed in a state of equilibrium, after which
the copper electrode was removed.Subsequently, when the electrolyte is cooled to ambient temperature,
copper powders are not formed as a result of the reaction (1).The formation of copper powders is observed
only when the copper electrode is repeatedly immersed in the electrolyte. Consequently, the formation of a
copper powder occurs only when a copper electrode is present in the electrolyte.

It is impossible to exclude the precipitation of copper into the sludge (macroparticles) by means of
mechanical precipitation, but this process can be random.Experiments with an anode pulse current were
carried out to prove that the anode potential fluctuations are a source of finely dispersed copper powder,
i.e. conditions are created for creating the greatest amount of anode energy. The chain transfer of anode
pulse current is mechanically realized, and its frequency change is regulated by the engine rotation speed.
Experimental results show that the amount of metal powder formed during the copper electrolysis of the
pulsed current increases at the current frequencies of the anode pulse (Table 1). In this case, the particle
size of the copper powder on the surface of the anode is from 0.001 to 0.10 mmK.

Table 1 — Influence of frequency of anode pulse current on amount of powder of copper: in solution: 40 g/L Cu*"and 150 g/L
H,SO,t= 60°C, current density = 240 A/m?, electrode surface area = 6 cm?, duration of experiment =4 hours, (1 pendant
corresponds to 0.658 mg of copper)

Anode pulse current frequency, min The size of the formed copper powder
per pendant, 10° mg in terms of dissolved copper,%
0 0.079 0.012
30 0.201 0.030
60 0.798 0.120
100 0.824 0.121

In the absence of current oscillations, copper powders formation can be explained as follows. As is
known from the literature [18], on the electrode surface the current density on each of its parts cannot be
the same, resulting in different potential regions.In addition, there isthe difference between the intrinsic
masses on the surface ofanode andmixing of the electrolyte itself by the circulation. According to this
information on the electrode surface, the rate of natural convective interactions of the electrolyte is 4
mm/sec and this is 20 times greater than the rate of forced stirring of this electrolyte [19].At the same
time, cuproions can move from the positive part of the anode surface to the negative part can be oxidized
to metallic copper. And copper in the form of powder passes into the sludge. The surface roughness of the
electrode (anode) increases this effect, since the potentials of the anode peaks are different.If we assume
that the step and metal powder electrode processes are formed by the disproportionation reaction, its size
should increase as the current density increases, since the amount of univalent copper ions in the
intermediate link accordingly increases. The literature on this issue contradicts each other.For example, E.
Haertt [20] and E.S. Letskih [21] say that an increase in the current density leads to an increase in the
amount of elemental copper in the anode sludge. However, an increase in the current density in the work
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of the authors E. Volvill [22] and A. Allmand [23] showed that the amount of elementary copper powder
of the anode sludge decreases.According to G.V. Makarov [13], the amount of copper powder does not
depend on current density. Such various contradictory opinions can be explained as follows. The amount
of copper powder in all cases does not depend on the current density; it depends on the oscillation of
anode potential and because of the creation of different potentials in different regions onthe electrode
surface. This conclusion is justified by the results of our research. According to [24], monovalent copper
ions are stable in an inert medium in acidic solutions (in the absence of a copper electrode). The detailed
studies that we carry out supplement this idea.

Copper powdersare formed when the potential is oscillated under laboratory conditions, and in
production conditionscopper powder amount formed during the electro-refining of copper is about 0.04%.
As is known from the practice of electrostatic copper, the sludge content consists of 0.1% of the dissolved
copper anode. In short, for the first time, on the basis ofresearch and analysis results, a mechanism was
found for the formation of a copper powder falling into the sludge during copper refining. It was shown
the formation of copper powders precipitating in sludge, mainly during electrolysis in the form of a
periodic anodic potential with oscillations and the formation of different potentials at each electrode
surface area.
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IJIEKTPOPAOHUHALUSAIIAY KE3IHJAE MbIC YHTAKTAPBIHBIH
TY3LIYIHE KYITPOUHJAPIbIH 9CEPI

AHHOTanusi. ByJ1 JKYMBICTBIH MakcaTbhl MbBICThI AJieKTpopaduHanus diciMeH ainy Ke3iHJe LulaM KypambIHa
OTETIH MbIC YHTAFBIHBIH TY3LTy JKOJIIAPbIH aHBIKTAy OOJBII TaObLIa/Ibl. 3ePTTEYJIEp rajJbBaHOCTATUKAIIBIK XKaF/aaiina
ANIEKTPOJIM3 JKYPridy apkbuibl xoHe Autolab PGSTAT 302 moreHimoctarbl KeMeriMEeH HOTCHUHAIIap 6JIlley
omicimen xyprisinai. Temmeparypa 25-75°C apanbIFblHaa ©3repTini. DIeKTPOIH3IeH KeHiHTi epiTiHinepaeri Mpic
MOH/IaPbIHBIH KOHLEHTPAIMACHl MOTEHIHOMETPUSUIBIK TUTpIiey ojiciMeH aHbIKTangsl. Mbic (II) moHmapbiHbIH
KYKIpTKBIIKBULABL epiTiHainepae tutan (III) moHIapbIHBIH KaTHICBIHIA TOTHIKCHI3AHbII, 3JIEMEHTTI MBIC - YHTaK
KyHiHzme Ty3iigerini kepceriami. Ty3iIreH MbIC YHTAKTapBIHBIH OOIIICKTePiHiH (HOpMacChI, eJIeMaepi ISKTPOHIBIK,
MHUKPOCKOIIHS /IiCIMEH aHBIKTAI/Ibl. 3ePTTEY HOTHIKENEPl YHTAKTapAbIH aHOATHIH epyl Ke3iHle MEXaHUKAIIBIK YTy
caniapblHaH TY3U1yl Typalibl 00JDKaM pacTaama/ibl.

bizain ToxipubenepimiziiH HOTHKENEPl aHO MOTEHIMAIIBIHBIH )KOFapbLIall, TOMEH/ICY1 IEMEK, OHBIH aybITKYbI
MBIC YHTaKTapbIHBIH COJI COTTE TYy3UIyiHE OKENEeTIHJIrl J>KalblHIAa KOPBITHIHIBI JKacayFa MYMKIHIIK Oepei.
KyNpOHOHIap/IBIH KOHIIEHTPALMSCH MBIC STEKTPO/IBIHBIH IIOTEHIHANBIHA TOYENIi sKoHe OHBIH aybITKybl Cu’es Cu’
+ € peakuusIChIHbIH TeTe-TeH/IITH OHFa HEMECE COJIFA BIFBICTHIPYBI MYMKiH. OHAIPICTIK jKaFaaiia Ti30€KTeri TOKThIH
MOJIIIEPIH KOHE ANEKTPOIUT TeMIEepPaTypachlH TYPaKThl TypAe ycTan Typy MyMKiH emec. Con ceOenTeH aHOATaFbl
MOTEHIMA Op COTTE€ MEPUOATHI TYPIE OPTYPJi aMIUTUTyJaMeH OeNrili MOHIe aybITKbI TYpaabl. AHOATBHIH
MOTEHIUAJIBI TePiC KaKKa Kapall BIFBICKAH COTTE YKOFAPhIIa KOPCETUIreH peakius OOMbIHIIA MBIC YHTAFBIHBIH TY31L1Y
MYMKIH/Ir TYbIHAAHABL. Bipak Ty3iireH MbIC aTOMAApbl aHOATBHIH KPUCTAIIBIK TOPbIHA KIpiM, OpHAanaca ajaMaiibl.
OCBIHBIH callapbiHaH 3JIEKTPo,] OeTiHe HaIrap KaObICKaH Maiiia AUCIIEPCTI MBIC YHTAFBI TY3UIedl, COAaH KeiiH o1ap
OipTiHAEI epITIHIIre KOIIeAl ¢, COHbIHIA [IIaM KYPaMbIHA OTE/i.

Aunrann pet 3epTTey KOHE Taujay HOTHDKeNlepl Heri3iHae MbICThl paduHanusuiay Ke3iHae HuIaM KypambIHa
OTETIH MbBIC YHTaFbIHBIH TY3LIy MeXaHHW3Mi aHbIKTAJIAbl. MBIC YHTaKTapbIHBIH Naiifa OO0k, TYHOAFa TYCII, ILIaM
KypaMbIHa OTyi — HETI3IHeH, 3JeKTPOJIM3 Ke3iHJeri aHOJ MOTEHIMAIbIHBIH ayBITKbII TYPYBIMEH JKOHE 3JIEKTPO.
OeriHzeri op ayMakTa opTYpJii MOTEHIHAI AP IbIH KaJIbINTACYbIMEH TiKeJIeH OaiilaHbICThI €KEeHI KOpCeTiIIi.

Kiar ce3mep: Mbic, yHTaK, KyIpOWOH, IIIaM, padUHALWS, IOTEHINAJN, OJJIEKTPOIN3, AaHOMA, KaToZ,
AIIEKTPOJIHUT, TOTHIKCHI3IaHY
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BJIMSAHUE KYITPOMOHOB HA OBPA30OBAHHUE ME/IHBIX ITOPOIIIKOB
ITPA 3JIEKTPOPA®PUHUPOBAHHNUN MEJIN

AnHotanus. llenpio maHHOM paboOTHl SBWIOCH OMNpeIeNeHHE IyTel (OPMHPOBAHMS MOPOIIKOB MEIH,
MPOHMKAIOIIUX B COCTAaB IlIaMa IMPH TMOJY4YeHHUH MeAu sekTpopaduHupoBanueM. VccnenoBaHus MPOBOIMIMCH
METOJIOM 3JICKTPOJIM3a B TalbBAaHOCTATHMYECKUX YCIOBHSX W METOJOM HM3MEPEHHs IOTCHIHAIOB C MOMOIIbIO
notenimoctata Autolab PGSTAT 302. Temmeparypa U3MeHsJIach B WHTEpBae 25-75°C. KOHUEHTpaLMIO0 HOHOB
MEJIM B PAaCTBOpax IOCIE AIEKTPOIN3a ONPEIENISUId METOJO0M MOTEHIIHOMETPUIECKOT0 TUTpoBaHus. [loka3aHo, 4To
nonbl Meu (II) B cepHOKHCIBIX pacTBOpax B mpucyTcTBUHM HOHOB TuTaHa (I1I) BoccranaBnmBaioTcs ¢ 0Opa3oBaHHEM
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AJIEMEHTHOH Meau B Buie mnopoiuka. OnpeneneHbl GOpMbl U pa3Mepbl YacTHIl 00Pa30BABIIMXCS TOPOLIKOB MEAN
ANIEKTPOHHO-MHUKPOCKOITUIECKAM METOJOM. Pe3ysibTaThl HCCIEIOBAHUS TIOKA3alHM, YTO TMPEANONIOKEHHS O
BO3MOKHOCTH (hOPMHUPOBAHHS HOPOIIKOB BCIIEACTBHE MEXAHWYECKOTO OCHIIAHMS IPU aHOIHOM PAaCTBOPEHHUU MEIN
HE TTOATBEPKAAIOTCS.

Pe3ympraTel HamMX WMCCIEIOBAHWN TO3BOJIAIOT CAENATh 3aKII0YEHHE O TOM, YTO IIOTCHLHAl aHOAa
MOBBIIIAETCS, 3aTEM TOHIKAETCS, CIIEA0BATEIBHO, TIOCTOSIHHO KOJEOIEeTCS M MPUBOAUT K 0OPa30BaHHIO ITOPOIIKOB
MeaH B 3TOT MOMEHT. KoHIleHTpanus KynpOoHOHOB 3aBHCUT OT MOTEHIIMAja METHOTO JIEKTPOAA U ero KoyiebaHne
MOJKET CHOCOOCTBOBaTh CABHTY PAaBHOBECHS PEAKIHH Cu’ & Cu" + e BnpaBo mmi BieBO. B MPOMBIIIICHHBIX
YCIIOBHSIX BEIMYHMHY TOKA B IIETIM ¥ TEMIIEPATYPY JIEKTPOINTA HEBO3MOXKHO MOAEPKUBATh MTOCTOSHHBIMH. [0 31O
MPUYNHE MPOUCXOTUT MEPHOANYECKOe KojieOaHMe MOTEHIMala aHoAa C Pa3IMYHOW aMIUTUTYAOH dacToTod. Ilpm
CMELICHUH MOTEHIIMalla aHOJIa B OTPULATENIbHYIO 00JIACTh BO3MOXKHO OOpa3oBaHUE MOPOLIKA MEAU MO0 yKa3aHHON
BhIme peakmuu. OnHaKo 00pa30BaBIIMECs aTOMBI MEIH HE MOTYT BHEAPHUTHCA B KPUTAIUIMYECKYIO PELIETKY aHO.A.
BcnenctBre 3TOro Ha MOBEPXHOCTH AJIEKTPOAA 00pa3yroTCS MEIKOIUCIIEPCHBIE MOPOIMIKH MEIW, OHU ITOCTEINCHHO
MEPEXOIST B PACTBOP H MOCJIE MPOHUKAIOT B COCTAB [ITaMa.

BriepBrie Ha OCHOBaHHMHM PE3yJIHTATOB UCCIIEIOBAHUN M aHAIN3a YCTAaHOBJIECH MEXaHH3M 00pa30BaHMUS TOPOIIKOB
MeaH, MPOHUKAIOMIMX B COCTaB IITaMa IMpH 3JeKTpopaduarpoBanun Menu. Ilokasano, 9to oOpa3oBaHHe MOPOIIKOB
MeaH, MPOHUKHOBEHHE WX B COCTAB IIJIaMa, B OCHOBHOM, HAIIPSIMYIO CBS3aHO C KOJIeOaHMSIMH MOTSHIHANA aHOAA B
npolecce IJIEKTpoin3a M (OPMUPOBAHHEM pa3lUYHBIX 3HAYCHHI [OTEHIMAla Ha Pa3IMYHBIX Yy4acTKax
MTOBEPXHOCTH 3JIEKTPOJIA.

KiroueBble cioBa: Menp, MOPOIIOK, KyHNPOHMOH, IUIaM, padUHALNNS, MOTEHIHAN, JIEKTPONIN3, aHOJ, KaTO,
ANIEKTPOJIUT, BOCCTAHOBIICHHE

Information about authors:
BayeshovA. - Institute of Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky, Almaty, Kazakhstan, head of the
laboratory, Doctor of Chemistry, academician of National Academy of Sciences of the Republic of Kazakhstan,

bayeshov@mail.ru;

Bayeshova A.K. - Kazakh national university named after Al-Faraby, Almaty, Kazakhstan, Doctor of Engineering,

professor, azhar_b@bk.ru;
Abduvaliyeva U.A. - Institute of Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky, Almaty, Kazakhstan,

senior research associate, Candidate of Chemistry, abdumidal4@gmail.com.




ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 4. 2018

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

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 4, Number 430 (2018), 51 — 57

UDC 622.765
Sh.K. Amerkhanova', M.Zh. Zhurinov?, R. M. Shlyapov', A.S. Uali'

L.N.Gumilyov Eurasian National University, Astana, Kazakhstan
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry, Almaty, Kazakhstan
amerkhanovashk@gmail.com

ANALYSIS OF EFFICIENCY OF COLLECTIVE-SELECTIVE
COPPER-LEAD ORE ENRICHMENT BY SODIUM OLEATE
IN THE MAIN FLOTATION

Abstract: The problem of the polymetallic ores enrichment containing of copper, lead, zinc and other non-
ferrous metals minerals’ consists in the disclosure of splices, the separation of small-grained particles of one mineral
from another mineral or waste rock. The purpose of this paper is studying the flotation reagents behavior in the
suspension composition while ore enrichment according to the collectively selective scheme.

The elemental analysis of copper-lead ore samples is carried out. The flotation tests on the FML-1 flotation
machine were carried out, the volume of the working chamber was 0.25 L, and the T-92 was used as the foaming
agent. The decomposition with concentrated nitric and hydrochloric acids mixture’s was applied to carry the ore
samples and enrichment products to the solute state. The results of copper-lead ore enrichment the use of sodium
oleate in the main flotation are presented. The material balance of copper-lead ore flotation process both for the main
and control flotation and for the clean-up operations according to the collectively selective scheme (for the solid
component) was calculated. It is shown that the addition of two clean-up operations to the scheme, with sodium
dibutyl dithiothiophosphate as the main reagent, makes it possible to increase the lead and copper concentration in
selective concentrates by 3 times. Based on the results of the material balance, the separation potentials and
separation capacities of the main, reference and two clean-up flotations were calculated. The negative dynamics of
the change in the separation potential from the initial stage of enrichment to the final one indicates the increase in the
minerals separation complexity. The presence of the separation potential extremes relative to the metal concentration
in the ore indicates a difference in the oxygen-containing and phosphorus-containing collectors reactivity. It has been
established that the value of separating power serves as a quantitative measure of the applied flotation agents
selectivity. Thus, the efficiency of the proposed enrichment scheme was evaluated based on separation criteria.

Key words: collectively-selective scheme, sodium oleate, sodium dibutyldithiophosphate, material balance,
separation potential, separation power.

In contrast to past years, when some ores with a high content of lead, copper or zinc were sent after
enrichment with potassium butyanthate in a collective or collectively selective scheme for metallurgical
smelting, processing of ores of non-ferrous and rare metals mined in recent years is economically
unprofitable without prior complex enrichment [1-5]. The problem of enrichment of sulfide copper-lead
ores has not yet been fully resolved, since, on the one hand, ores are difficult to enrich in terms of
dispersity and in terms of the identity of the flotation properties of the minerals that make up the ore.
Therefore, finding more selectively active collectors [6-10] and more advanced modifiers will lead to
further improvement of the flotation process [11-16]. In connection with this, the goal of the work is to
evaluate the efficiency of copper-lead ore enrichment in a collectively selective scheme using sodium
oleate in the main flotation.

Methods
Foam flotation was carried out on a laboratory flotation machine FML-1 with a chamber volume of
0.5 1 by the following procedure: a sample of ore (75% of a fraction of 0.074 mm) with a mass of 10 g was
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loaded into the flotation chamber and mixed with water. Lime was added to maintain the desired pH.
Then, a solution of the collector of a given concentration, a foaming agent, was added to the chamber, and
stirring was continued for 9 minutes. As the flotation agent, collectors, sodium oleate and sodium dibutyl
dithiophosphate (basic substance w 60%) were used. Foaming agent was T-92, consumption was 15 g/t.
Decomposition of the samples of the initial ore and the resulting concentrates (0.1 g) was carried out with
a mixture of concentrated hydrochloric and nitric acids (3: 1) [17]. Determination of the concentration of
metal ions Cu® ", Pb> " was carried out using the Varian AA140 atomic absorption spectrometer. Elemental
analysis was performed on an X-ray fluorescent analyzer of the Olimpus Delta XRF brand (Table 1).

Table 1 - Element composition of copper-lead ore

Mass c Za,2+o'/\/(n) Mass c Za,2+c/\/(n)
Element fraction, % Element fraction, %
0 50.12 2.14-107 2.96-10° Mn 0.20 2.50-10 3.46-10™"
Na 2.91 3.91:107 5.41-107 Fe 8.83 2.38:107 3.29-107
Mg 5.64 2.25-10° 3.12-10° Ni 0.04 3.06:10"° 4.24-10"°
Al 9.18 5.63-107 7.80-10° Cu 0.99 2.40-10° 3.33-10°
S 3.01 3.18:10° 5.38:107 Zn 0.08 1.41-10” 1.95-10°
Si 17.00 2.86:107 3.97-107 Mo 0.39 1.23-10° 1.70-10°
K 0.02 9.00-107"° 1.25-10° cd 0.01 6.25-107'2 8.6610'2
Ca 1.03 22510 3.12:107° Pb 0.05 6.25-10"° 8.66-10"°
Ti 0.48 5.26:107 7.28-10°

The results of elemental analysis show that the useful part of sulfide copper-lead ore (Table 1) is
represented by metals Fe, Pb, Cu, Zn and nonmetals S, difficult to enrich the minerals Mn, Ti, the empty
rock is composed of elements Ca, C, Si, Al, Mg, which allows to judge the presence of iron sulfides, iron
oxides, lead sulfides, copper, zinc, and also silicates, carbonates, calcium and magnesium aluminates in
the samples, the most common are quartz, calcite, orthoclase (K[(Si,Al);Og]), anorthite (CaAl,Si,Oy),
olivine MgFeSiOy, kaolinite (Al [Si4O10](OH)y).

Technological parameters of enrichment were calculated by formulas

Yk = 100(a — 6) /(B — 8)rk = 100(a— 6) /(B — 6) 1)

E.= Yx-B/aE, = vx-p/a @)

where yk-concentrate yield,%, Ek-metal recovery in concentrate,%, f-metal content in concentrate,% [18].
The separation potential ® (B) was calculated from the formula

2(f) =(2x—1) - In - 3)
The separation power was calculated from the formula
AU=P-2(af) 4)

where: P is the amount of product obtained, g/h, @ (a, B) is the separation potential, reckoned from the
concentration of the initial product with the content of a.
The formula for calculating @ (a, B) is given below

P(a,f) = (28 — 1) - In 22y Frali2e) )

el 1—F) i l—a)

Results and Discussion

Based on the modified scheme of collectively-selective flotation of Cu-Pb ore using sodium oleate in
the main flotation, a schematic diagram was drawn up (Fig. 1) and calculations of purification operations
of enrichment were carried out (Tables 2, 3) [19].
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Figure 1 - Schematic diagram of flotation of copper-lead ore

Table 2 - Balance for final products of flotatio

0, 0,
;Ti%?r Product Name Yield,% IA)zsay, % Cu ;lgzcovery, % o
9 Concentrate Pb 13.79 0.25 0.01 68.95 0.14
17 Concentrate Cu 1.60 0.07 39.46 2.24 63.78
20 Tailings 84.61 0.02 0.42 28.81 36.08
1 Ore 100.00 0.05 0.99 100.00 100.00
Table 3 - Balance of Cu-Pb ore products enrichment
Product Products and operations name 0, g/h 7, % b, % & %
Number i i i ”
1 Basic lead flotation
Come in:
1 Classifier drain 375 100 0.05 100
12 Combined industrial product 146.57 39.09 0.02 14.95
2 Total: 521.57 139.09 0.04 114.95
Go out:
3 Concentrate of basic flotation 197.86 52.76 0.08 83.02
4 Main flotation tailings 323.71 86.32 0.02 31.93
Total: 521.57 139.09 0.04 114.95
11 First cleansing flotation
Come in:
3 Concentrate of basic flotation 197.86 52.76 0.08 83.02
8 Second cleansing flotation tailings 37.16 9.91 0.03 5.63
5 Total: 235.03 62.67 0.07 88.65
Go out:
6 Concentrate of first cleansing 88.88 23.70 0.16 74.58
7 First cleansing flotation tailings 146.15 38.97 0.02 14.07
Total: 235.03 62.67 0.07 88.65
111 Second cleansing flotation
Come in:
6 Concentrate of first cleansing 88.88 23.70 0.16 74.58
Total: 88.88 23.70 0.16 74.58
Go out:
9 Concentrate 51.71 13.79 0.25 68.95
8 First cleansing flotation tailings 37.16 9.91 0.03 5.63
Total: 88.88 23.70 0.16 74.58
v Control flotation
Come in:
4 Basic flotation tailings 323.71 86.32 0.02 31.93
Total: 323.71 86.32 0.02 31.93
Go out:
10 Foam product control flotation 0.42 0.11 0.39 0.88
11 Tails of the control flotation 323.29 86.21 0.02 31.05
Total: 323.71 86.32 0.02 31.93
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Calculation of the lead flotation cycle. The calculation of the first flotation cycle is carried out
according to the following scheme (Figure 2) with the previously identified products. Calculation of the
material balance of lead flotation was carried out using the Solver Excel software package. The results of
calculating the qualitative-quantitative scheme of the lead flotation cycle are given in Table 2.
Calculations were carried out according to the cycle of copper flotation (Figure 3).

Thus, to calculate the cycle of copper flotation, the initial indicators are: a) two indicators relating to
the source data (Q, and 0"); b) four indicators of copper recovery in flotation products; (c) Four indicators
of copper content in concentrate operations. The number of initial indicators is 4, the number of stages 4.
The results are given in Table 4.

| 1 | 1
2 13;
Basic flotation Pb Basic flotation Cu
3 a4 14 15
¥ 5 23
| Cleansin Control 1 Cleansing Control
6 16

11 Cleansin 1l Cleansing

Figure 2 - The lead flotation cycle Figure 3 - The cycle of copper flotation

Table 4 - The balance of copper enrichment products

Stage No Name of operations and products 0, glh y, Y% B, % g, %
1 Basic copper flotation
Come in:
11 Basic flotation tailings 323.29 86.21 1.15 99.86
22 Combined industrial product 36.54 9.74 4.00 33.96
13 Total: 359.83 95.95 1.60 133.82
Go out:
14 Concentrate of basic flotation 30.71 8.19 9.51 78.65
15 Basic flotation tailings 329.12 87.76 0.72 55.18
Total: 359.83 95.95 1.60 133.82
11 First cleansing flotation
Come in:
14 Concentrate of basic flotation 30.71 8.19 9.51 78.65
19 Second cleansing flotation tailings 7.34 1.96 2.67 4.56
23 Total: 38.06 10.15 9.40 83.21
Go out:
16 Concentrate of the first cleansing flotation 13.34 3.56 19.01 68.34
17 First clearing tailings 24.71 6.59 2.59 14.87
Total: 38.06 10.15 9.40 83.21
111 Second cleansing flotation
Come in:
16 Concentrate of the first cleansing flotation 13.34 3.56 19.01 68.34
Total: 13.34 3.56 19.01 68.34
Go out:
18 Concentrate 6.00 1.60 39.46 63.78
19 Second cleansing flotation tailings 7.34 1.96 2.67 4.56
Total: 13.34 3.56 19.01 68.34
v Control flotation
Come in:
15 Basic flotation tailings 329.12 87.76 0.72 55.18
Total: 329.12 87.76 0.72 55.18
Go out:
20 Foam product of control flotation 11.83 3.15 5.99 19.10
21 Basic flotation tailings 317.29 84.61 0.42 36.08
Total: 329.12 87.76 0.72 55.18

—— 54
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The results of the circuit experiments confirm that the following concentrates can be obtained
according to the developed technological scheme and the reagent regime: in the intercrack flotation lead
concentrate with a lead content of 0.25%, extraction of 68.95%; in the copper flotation cycle, concentrate
with a copper content of 39.46%, extraction of 63.78%; the use of purge operations makes it possible to
increase the content of the valuable component of Bp, from 0.08 to 0.25%, Bc, from 9.51 to 39.46%.
However, in both cases, the extraction of metal and the amount of concentrate are reduced.

The introduction to the circuit of a cycle for a combined industrial product in lead and copper
flotations is caused by the need to reduce metal losses with tails. Thus, it has been shown that the use of
sodium oleate as the main flotation agent in the lead flotation cycle and at the copper flotation stage of
sodium dibutyldithiophosphate allows the development of selective and circuit regimes. Further, the
efficiency of flotation enrichment was assessed (Table 5) [20].

Table 5 - Results of separation potentials and separation power calculation
for a collectively selective scheme for copper-lead ore enrichment

, O(P) O(ap) AU, g/
Stage No Name of the separation stage
Pb Cu Pb Cu Pb Cu
1 Basic flotation 7.12 1.82 0.13 6.62 25.75 203.15
11 First cleansing flotation 6.42 0.90 1.04 16.06 92.29 214.29
111 Second cleansing flotation 5.96 0.09 2.39 37.59 123.83 225.54
v Control flotation 5.50 242 4.76 3.37 1.99 39.87

Analysis of the data in Table 5 showed that more purification operations are needed to obtain cleaner
products, namely lead concentrate with a high content of the useful component, than for copper
concentrate. On the other hand, the maximum values of the separation potential ® (a, B) for the second
flocculation flotation for copper and lead control flotation serve as an indicator of the completeness of the
ore minerals from the separation gangue, but which, according to the minima @ (f), is complicated by the
proximity of the flotation properties of the components of the mixture. The high value of the separation
power for the second purification flotation, in both lead and copper, confirms the selectivity of the
proposed reagents to the lead and copper minerals and indicates a sufficiently high efficiency of flotation
enrichment in the proposed collective selective scheme.

Thus, as a result of the conducted studies, a qualitative-quantitative scheme for flotation of Cu-Pb ore
was calculated using sodium oleate as the main reagent. It is shown that the scheme should include two
clean-up operations at the Pb flotation stage, one control operation, at the copper flotation stage, two
clean-ups of selective concentrate and closed-loop control flotation are also envisaged. An increase in the
content of Cu and Pb in similar concentrates was established using the use of BPb purge operations from
0.08 to 0.25%, BCu from 9.51 to 39.46%. The results of calculations of the change in separation potentials
and separation power indicate a rather high efficiency of the collectively-selective scheme for the
enrichment of copper-lead ore.
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'JI.H. Tymuses atsinnars Eypasus yiTTsiK yHuBepcuteti, Actana, Kasakcran;
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HET'I3I'T ®JIOTAIIAAIA MbIC-KOPFACBIH/IbI KEH/I HATPAM OJIEATBIMEH
YKBIM/IbI-TAHJIAMAJIBI BAUBITY TUIMILIITTHIH AHAJHA3I

AnHOTanmsi: MpIC, KOpPFAachlH, MBIPBIII JKOHE Oacka TYCTI MeTangap/AblH MHUHEpajJapblHaH TYpaThiH
MOJMMETaNbl KeHAepal OalbiTy Moceseci »aObICKaH OCIHAUIepAl amyaaH, Oip MHUHEpalIbIH Maiija cermre
OenmiekTepin Oacka MUHEpalZiaH Hemece 00C HKbIHBIC 00JyIeH Typaabl. JKyMBICTBIH MaKcaThl OalbITYIbIH Y)KbIM/IbI-
TaHZaMajbl cyI0achl OOMBIHIIA CYCIICH3USHBIH KYpaMbIHAAFBl (GIOTOpeareHTTi 3epTrey Oounbin Tabbutamsl. Meic-
KOpFachIHIBI ~K€H YITICIHIH 3JeMEHTTIK Taijmaysl Okypriziami. ®uorammsnelk  3eprreynep DOMII-1
(hroToMaIMHaCKIHAA SKYPTi3iigi, >KYMbIC KaMmepachiHbIH keieMmi 0,25 1, keOikteHamiprim areHT perinme T-92
KonmaHepuIasl. KeHiHiH yarinepi xoHe OalbITyAbIH OHIMAEP] epireH KYHTre KOCIaHbl KOHIIEHTPJICHIeH a30T KOHE TY3
KBILIKBUIIAPBIHAA €piTy apKbUIBl aybICTHIPBUIBL. JKYMBICTA HETi3ri ¢uoTanysia HATPUH OJNeaThlH KOJJIaHYbIMEH
JKYPETiH MBIC-KOPFACBIHIBI KEHII OaWbITy HOTIDKENepi KenTipireH. Y KbIMIbI-TaHAaManbl cyroa OoWbIHINA (KATTHI
KOMITOHEHT OOWBIHINA) HEri3ri »oHe Oakpuiay (IoTalusChl, KalTa Tazanay onepauusuiapbl YIIiH MaTepUaIbIK
Oananc ecenrenren. Cysbara HaTpuiiaiH quOyTUIANTHOGOChATHIMEH KYPETIH €Ki KaiiTa Ta3ajay onepauusuiapbiH
KOCY CEJICKTHUBTI KOHLEHTpATTapJarbl KOPFACBIH JKOHE MbBIC MeJIIepiH 3 ece apTThIpaThIHBIH KepPCETeli.
Marepuanaplk O0ajaHCc HOTHOKENepl OOMBIHINA Herisri, OaKpUIay JKOHE €Ki KaWTa Tazaiay (GoTalisulapbIHBIH 06y
MOTEHLUAJ 1Pkl )KoHE 061y yakbIThl ecenTeni. ballbITyIbIH OacTanKpl cTaJMsICbIHAH COHFBI CTaqUsAChIHA JeHiH 0oy
MOTEHLUAJIBIHBIH TEPIC AMHAMUKAChl MUHEpaJiap/bl 06y MPOLECiHIH KYPASNUIITIHIH apTybl Typajibl MOJIIMETTEH .
Beny morteHnuanapelHbIH KEHAETT METall MeJIlepiHe KaTBICTBI SKCTPEMyMIAphl OTTEK- KoHe (ochopKypamsl
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JKUHAFBIIITAPIBIH PEaKIMAIBIK KaOLIeTTUTIKTEepiHiH aWbIpMAIIBUIBIFBIH KepceTeni. bedy KyaThIHBIH IIaMachl
KOJNJaHBUIFaH  (IIOTOpPEareHTTepAiH  CENeKTHBTUIIK  KepceTkimi Oombim  TaObutamel.  Ochomaiimia, Oeiry
KpUTEPHIJIepiHiH HeTi31HIe YCHHBUTFaH OalbITy CYI0aCBIHBIH THIMIUTITIH OaFanay »Ypri3uimi.

KinT ce3mep: yXbiMIbl-TaHgaManbl cyji0a, HATpUil ojeaTbl, HATpuil AUOyTHIIUTHOMOChATHI, MaTEPUAIABIK
Gananc, 6ery MOTEHINAN, 06Ty KyaThl
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AHAJIN3 DO®PEKTUBHOCTH KOJUIEKTUBHO-CEJEKTUBHOT'O OBOT ALLIEHUS
MEJIHO-CBUHLIOBO PY bl OJIEATOM HATPHUSI B OCHOBHOI ®JIOTALIMU

AnHoTanus: [Ipobiema oborameHus MOIMMETAININYECKUX Py /I, COACPIKAIINX MUHEPAJIbl MU, CBUHIIA, [ITHKA
U JPYTHX LBETHBIX METAIOB COCTOUT B PACKPBITHM CPOCTKOB, OTIEICHHH MEIKOBKPAIIEHBIX YaCTHI] OJHOTO
MHUHEpaja OT JAPYroro MHHepana WiId IycTod mopojpl. Llenbo paboThl sBisETCS H3Yy4YEHHE IOBEICHUS
(hioTopeareHTOB B COCTaBe CYyCHEH3MM IIpH OOOralleHWH MO KOJUIEKTHBHO-CEJEKTUBHON cxeme. I[IpoBenen
3JIEMEHTHBIH aHaIM3 00pa3loB METHO-CBUHIIOBON py/ibl. DIIOTAIIMOHHBIE UCIIBITAHMUS BBITIOJIHEHBI Ha (JIOTOMAIIHE
OMJI-1, obbem paboueii kamepsl 0,25 51, B KauecTBe IeHOOOpa3zoBarelnsl MCIoib30BaH T-92. OOpasiusl pynsl u
NPOJXYKTHl ~ OOOTamIeHWs] NEepPEeBOAWINCH B  PAacCTBOPEHHOE  COCTOSHHE IyTEM  PA3JIOKEHHUS  CMECBIO
KOHLICHTPUPOBAHHBIX a30THOM M COJITHOM KuCIOT. B paboTe mpHBEICHBI pe3yibTaThl OOOTAICHHS MEIHO-
CBUHIIOBOH PyIBI C WCIIONB30BAaHHEM OJieaTa HAaTpWsA B OCHOBHOW (uroTanmu. Paccumtan marepwaibHBIN OamaHC
npomnecca (GIoTanuy MEIHO-CBUHIIOBOH PYZABI MO KOJJIEKTHBHO-CEJIEKTHBHONW cxeMe (110 TBEpAOMY KOMIIOHEHTY),
KaK JUIsl OCHOBHOM W KOHTPOJBHOW (JIOTAlMM, TaK W JUIsl IEPEUUCTHBIX omeparuii. [TokazaHo, 4to moOaBieHHe B
CXeMy [IBYX IIEPEYHCTHBIX OIlepaluii, ¢ OCHOBHBIM pPEareHTOM IHOYyTHIAUTHOGOC(HATOM HATPUs, HO3BOJISAET
MOBBICUTH COJEP)KaHWE CBHHIIA U MEIU B CEIEKTHBHBIX KOHIIEHTpaTax B 3 pasa. Ilo pe3ynpTatam MaTepHanbHOTO
OaJyaHca paccUMTaHbl pa3/eaUTeNIbHbIE TIOTEHIMANbBl ¥ Pa3eIuTelIbHas MOITHOCTh OCHOBHOM, KOHTPOJIBHOM M JABYX
NMEPEYNUCTHBIX (l)J'IOTaLIHfI. OTpI/lLIaTeJ'I])Haﬂ JVMHaMHWKa U3MCHCHUSA pPa3ACJIMTC/IbHOIO IMOTCHIIMAaJIa OT HayaJbHOMU
cTaguy o0oramieHus K 3aBeplUarolleil CBUIETENbCTBYET O BO3PAaCTAaHMU CIOXKHOCTH DPa3JlelieHUsi MHHEpaJIOB,
HaJIM4YME SKCTPEMYMOB pa3[eIUTEIbHOIO MOTEHIMAla OTHOCUTENIBHO COAEpXKaHUS MeTallla B PyIe yKa3blBaeT Ha
pasiuuuMe B PEAKUMOHHOM CHOCOOHOCTH —KHCJIOpoJcoaepxkamero M Qocdopcoaepkamero codupareneil.
VYcTaHOBNEHO, YTO BEIMYMHA pPa3AEIUTENbHOM MOIIHOCTU CIIY>)KUT KOJIMYECTBEHHOH MEpOH CEeNeKTUBHOCTU
UCTIONB3YEMBIX (IIOTOpeareHToB. TakuM 00pa3oM, Ha OCHOBAaHMM KPHUTEPHEB pa3[eleHUs IIPOBEICHA OICHKA
3¢} PEKTUBHOCTH MPEUIOKEHHON CXeMBbI 000TaIlCHNSI.

KiroueBble cJIOBa: KOJUIGKTUBHO-CEJICKTHBHAsl CXEMa, oJjieaT HaTpus, AuOytmwigutuodocdar HaTpus,
MaTepualbHbIN OaTaHC, pa3AeIuTeNbHbIN NOTEHINAN, Pa3eIUTENbHAS MOIIHOCTD
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EVALUATION OF THE SODIUM SELENITE AND TELLURRATE
TO THE THERMODYNAMICS OF HEAT ACCUMULATION BY
COMPOSITES BASED ON SODIUM THIOSULPHATE

Abstract: The main category of materials wear in the process of transport, residential premises operation is a
temperature difference between external and internal, a high gradient and cyclic changes in the temperature regime
lead to changes in the materials structure and an increase in energy consumption.

Therefore, an urgent problem along with the development of heat-storage materials which make it possible to
reduce significantly the heat loss to the environment is the matrix modification through the introduction of various
additives. The aim of this investigation is the establishing of adding sodium tellurate and sodium selenate to sodium
thiosulfate pentahydrate influence on the heat-storage properties of the obtained mixtures. The behavior of sodium
selenate and sodium tellurate in the composition of the mixture with sodium thiosulfate crystalline hydrate was
studied by the conductivity method. The changes in the activity coefficients of sodium selenate, the contribution of
sodium selenate to the heat content of the mixture with sodium thiosulfate pentahydrate were calculated. Also, the
changes in the activity coefficients and association degrees of sodium tellurate - sodium thiosulphate pentahydrate
mixtures (1:50) were calculated, according to which the complex formation process is exothermic, heat storage
process is electrostatic in nature. Consequently, the stability of the associates is decreased with increasing
temperature. It was also found that the mixture cooling to T=298 K releases into the environment up to 100 kJ/kg of
heat. The temperature of transition to the active state is 353 K. As a result of the studies, optimal warming
temperature T=348 K, stabilizing effect of tellurate ion on sodium thiosulfate with water molecules associates were
found, which together allows the energy coming to the system accumulation, its release during cooling with
subsequent.

Key words: sodium thiosulfate pentahydrate, sodium selenate, sodium tellurate, activity coefficients, heat
content, crystalline hydrate melt, electrical conductivity.

Introduction

The increase in energy consumption stimulates the demand for materials possessing not only high
heat of combustion, but also capable of accumulating heat as a result of various processes. In this regard,
the development of heat-storage materials on the basis of various chemical compounds involves the
preservation of thermal energy through thermochemical reactions, the accumulation of open and latent
heat [1] and their use in construction [2]. Widely distributed materials that convert incoming heat as a
result of phase transition [3-4], are based on crystal hydrates [5-7], organic compounds [8-10]. However,
efficient operation and operation and selection of heat storage accumulations is possible only if there is
information about physical and chemical processes occurring in phase-transition materials. The final stage,
in this case, is the creation of a model for changing the properties of materials in the process of heat
accumulation [11], with changes in the physicochemical properties of the material being the basis of any
model when the heat capacity and composition are varied [7]. Therefore, the control of the change in
properties is actual in the creation of models of heat accumulation [12]. In connection with this, the goal of
the work is to establish the behavioral features of sodium selenate and tellurate when used as additives in
the development of heat-storage materials.
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Methods

Materials: Sodium thiosulfate pentahydrate (Na2S203-5H20), sodium selenate (Na2SeO4) (pure for
analysis), sodium tellurate (Na2TeO4), chem.pure, were used as starting materials for the preparation of
heat-storage materials.

Preparation of mixtures with heat-accumulating properties. Inorganic mixtures were prepared by
mixing sodium thiosulfate pentahydrate and sodium selenate (sodium tellurate) in various proportions by
weight (50: 1), the mass of sodium thiosulfate 5 g, from which the mass of additives of sodium selenate
(tellurate) was calculated. After mixing, the mixtures were heated to a temperature at which dissolution of
the solid phase in the crystallization water was observed.

Determination of the electrical conductivity of melts. Conductometric studies were carried out in a 50
ml thermostated vessel. The electrical conductivity was measured on OK-102 conductivity meter.

The working electrode was made from a pair of platinum plates with an area of 1 cm2. To calculate
the electrical conductivity from Sim/cm to Om/cm, the instrument constant was determined by measuring
the value of ¢ in 0.001 M KCl at standard temperature [13].

Calculation of the kinetic characteristics of electrical conductivity. To calculate the kinetic
characteristics, the Arrhenius equation was used, in which the rate constant was replaced by the specific
electrical conductivity.

The activation energy of electrical conductivity was calculated graphically according to the equation:

lgy=1gA4,-E,/2303RT (1)
Calculation of kinetic characteristics was carried out according to the formulas [14].
AH* = E, — 2RT ()

Then the value of AS # was found from the equation:
AS* = R[2,3031g 4, — 2,303 1g(k7T) -1] (3)

AG* = AH* — TAS# 4)
Results and Discussion
Earlier, the electrical conductivity of mixtures of sodium thiosulfate pentahydrate with sodium
selenate [15-16] and sodium tellurate [17] of different composition (1:10, 1:25, 1:50) was determined. The
energy characteristics of electrical conductivity are calculated. It is shown that the main criterion for the
choice of heat-accumulating compositions is the thermodynamic stability of the mixture or formed
complexes during the interaction of the components of the mixture, which is characterized by the chemical
potential, the activity of the substances and the activity coefficients. The results are given for a 1:50
mixture (Table 1).

Table 1 - The contribution of sodium selenate to the thermodynamic characteristics of the heat storage process

T,K 298 338 343 348 353
Ina; -2.13 -2.14 -2.15 -2.16 -2.17
L,.* kJ-mole’! 2.27:10" 1.36:10" 4.53:107 -4.54-107 -1.36:107"
Ap;, kJ-mole 5.24 6.02 6.14 6.25 6.32
AS, J-mole K -15.60 -16.72 -17.53 -18.32 -18.96
Note: * - The heat content and other thermodynamic values are given to the value of kJ- kg™ of the mixture
Table 2 - Thermodynamic characteristics of the heat storage process with a mixture
of sodium thiosulfate pentahydrate - sodium selenate

T,K 298 338 343 348 353

Ina; -5.23 -4.89 -4.90 -4.90 -4.87
L,.* kJ-mole™ 4.13 9.77-10™" 5.8410" 1.90-10"" -2.04:10"
Ay;, kJ-mole™ 12.97 13.74 13.97 14.181 14.38
AS, J-mole” K -5.35 -32.70 -36.06 -39.25 -42.34
Note: * - The heat content and other thermodynamic values are given to the value of kJ- kg™’ of the mixture
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According to the data given in Table 1, it can be assumed that the low contribution to the heat content
of the mixture is due to the ionic nature of the bonds formed, i.e. the complexes formed between
thiosulfate ions, water molecules and selenate ions have high solubility, the bonds have an electrostatic
nature. This is reflected in the general physico-chemical characteristics of the mixture (Table 2).

It is shown that the heat content of the mixture decreases with increasing temperature, and the process
of heat accumulation is intensified only when the mixture is heated to a temperature of 353 K. The rise in
temperature leads to an increase in the number of interactions between water molecules and a decrease in
the proportion of tetrahedrally ordered solvent molecules. Heating promotes the process of ion association
in systems [18]. It is also known that in equilibrium high-water crystalline hydrates, the first sphere of
metal and anion ions is completely filled with water molecules. Therefore, sharp differences in the
electrical conductivity of the mixture with infinite dilution and experimental data are associated with the
formation of complex ion-aqueous rather than ionic groupings.

According to the ion-plasma interaction model, the activity coefficients should increase with
increasing temperature, however, the experimental indices indicate a reverse process of lowering the
activity coefficient when the melt is heated up to 12 © C above the melting point, which confirms the
hypothesis of an increase in inter-ion interaction, which prevails over the thermal motion of the ions and
molecules. Therefore, in order to take into account the interionic interaction in concentrated solutions with
the addition of sodium tellurate, the formula stated earlier was modified, i.e. the reference frame from the
solvent to the melt (matrix) has been changed [19]. Table 3 gives data on the temperature dependence of
the association value and the activity coefficients of the mixture and the addition of sodium tellurate.

Table 3 - Temperature dependence of the association value and the activity coefficients
of the mixture and the addition of sodium tellurate

T,K Na,TeO, Na,$,0;°5H,0 — Na,TeO, (50:1)
b'10° Iny. b'10° Iny,
298 5.753 -0.774 5.753 -4.395
338 2.673 -0.797 2.673 -7.519
343 -2.631 -0.805 -2.631 -7.558
348 -2.489 -0.814 -2.489 -7.565
353 2.113 -0.822 2.113 -7.484

It is shown that at a ratio of 1:50, the ratio of the practical coefficient of activity of the solution to the
theoretical activity coefficient (calculated according to the third Debye-Hiickel approximation) decreases
with increasing temperature, this indicates the process of heat release. So, according to the Debye-Hiickel
theory for electrolyte solutions, the increment in the change in the coefficient of activity with temperature
is the heat content of the electrolyte solution. It is shown that the more the activity coefficient or degree of
association or the chemical potential of the electrolyte changes with increasing temperature, the higher the
amount of accumulated heat due to associative formation is. From the kinetic point of view, the process of
heat release will be limited by the diffusion of ions (charge carriers) in the volume of the solution from the
heated region to the vessel wall, and with the thermodynamic activity of the second component (additive),
the activity value being the most informative characteristic of the solution, the chemical potential of the
system as a whole, when the external conditions change. Thus, the process of heat accumulation in
crystalline hydrate melts is directly proportional to the activity coefficient of the additive component and
is of an electrochemical nature. Table 4 shows the results of calculating the contribution of sodium
tellurate to the thermodynamic characteristics of the heat accumulation process.

Table 4 - The contribution of sodium tellurate to the thermodynamic characteristics of the heat storage process

T,K 298 338 343 348 353

Ina; -2.26 -2.28 -2.29 -2.30 -2.31
L,.* kI'mole™! 0.09 0.02 -0.05 -0.12 -0.19
Ay;, kI-mole™ 5.60 6.42 6.54 6.66 6.73
AS, J-mole-K! -17.91 -18.81 -19.46 -20.11 -20.59
Note: * - The heat content and other thermodynamic values are given to the value of kJ- kg of the mixture




ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 4. 2018

It can be seen from the data in Table 4 that at high temperatures the contribution to the change in the
amount of heat is negative, i.e. sodium tellurate, in the course of reaction with solvent molecules and
thiosulfate ions, releases heat into the system, therefore, when sodium tellurate is added to the solution,
sodium molecules bind the solvent molecules [20] and thiosulfate ions to stronger complexes, which
requires energy, so at low temperatures there is an endothermic process, further, when the influx of heat
increases, the associative ability of tellurate increases, as evidenced by negative values of entropy. Those
regions with a higher density of matter and, correspondingly, regions whose density approximates the
density of the solvent appear in the system. Therefore, the thermodynamic characteristics of the interaction
of the components in the mixture were determined (Table 5).

Table 5 - Thermodynamic characteristics of the heat storage process with a mixture
of sodium thiosulfate pentahydrate - sodium tellurate

T,K 298 338 343 348 353

Ina; -2.00 -5.13 -5.17 -5.18 -5.09
L,.* kJ-mole” -40.72 -5.62 -1.24 3.14 7.53
A, KI-mole’! 4.97 14.41 14.74 14.97 15.17
AS, J'mole” K -390.49 -88.17 -52.85 -18.28 1542
Note: * - The heat content and other thermodynamic values are given to the value of kJ- kg of the mixture

In this case, when sodium tellurate is added in an amount of 1:50 to the base salt, the heat content and
heat capacity of the mixture increase. It is shown that during the heating to the melting point (51-55 ° C)
the system still releases heat into the environment due to the decomposition of the salt associates and the
additive with the solvent. However, when the temperature reaches 348 K, the system passes to the heat
storage regime, i.e. the heat content changes sign from negative to positive, and with increasing
temperature the endothermic effect increases. According to the calculations, this mixture is characterized
by a high heat capacity (2400 J / mol - K), therefore, when the temperature reaches 353 K, the system
accumulates the maximum amount of heat that is released into the environment with subsequent cooling.
Calculations showed that cooled from 353 K to 298 K the mixture emits into the environment 88 kJ / kg,
which is more than the value determined by the thermocouple measurements. Probably, there is an error
and the loss of heat or changes in the thermal conductivity of glass and air is not taken into account. Also,
the contribution of tellurate ion to the heat content of the mixture is calculated, it is shown that the
presence of a 50-fold excess of the basic salt contributes to the formation of the most thermodynamically
advantageous structure in which tellurate ions are the binding centers of the solvent molecules (so-called
associate nodes). On the other hand, when it is heated, the chemical potential increases (assumes positive
values). Also, the increase in entropy increases during heating.

Thus, the optimal conditions for achieving the maximum heat-accumulating effect of mixtures
containing sodium selenate from the thermodynamic position is the high activity of the components of the
additive forming the complexes due to hydration energy, ion-dipole interaction with solvent molecules.
The temperature of transition to the active state is 353 K. As a result of the studies, optimal conditions
have been found: heating to T = 348 K, stabilizing the effect of tellurate ion on the associates of sodium
thiosulfate with water molecules, which together allows to accumulate the energy coming to the system,
followed by its release during cooling.
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III.K. AmepxanoBa', M.JK. JKypbinos”, P.M. Ilasimos', A.C. Yoau'

'JI.H. Tymuses atsinnars Eypasus yiTTsiK yHuBepcuteti, Actana, Kasakcran;
3Z[.B. COKOIBCKUIT aTBIHIAFBI OTHIH, KaTaJN3 JKOHE AIEKTPOXUMUS HHCTUTYTHI, AMathl, Kazakcrtan

HATPUI THOCYJIb®ATHI HET'I3IHJAEI'T KOMIIO3UTTEP/IH KbLITY bl IOFBIPJIAHIBIPY
TEPMOJMHAMUKACBIHA HATPUI CEJIEHATHI MEH TEJLTYPATBIHBIH OCEPIH BAFAJIAY

Annoranusi: Kenikri, TypFeIH Yillep/i naiijganany poleciHIe MaTepHaliJap/AblH TO3YbIHbIH Heri3ri ce0eOi
CBIPTKBI XKOHE 1IIKI TeMIepaTypajap/blH aiblpMachl, TQJIIPEK TEMIEpaTypalblK PEXUMHIH KOFaphl IPaJMeHT] MEH
LUKJIL e3repicTep MaTepHaigap KypbUIBIMBIHBIH ©3repyiHe, SHEPrHsHbI TYTHIHY/IbIH apTybiHa okeneni. COHIBIKTaH
KOpIIaraH oOpTara KaThICThl O KBUIYHIBIFBIHAAPABl TOMEHIETYre MYMKIHAIK OEpeTiH  IKbUTY)XKMHAKTAyIIbl
MaTepHalIap/ibl JKacay MacelleCiMeH KaTap, SpTypili KOcHajaapbl KOCY apKbUIbl MaTpUIagapabl TYpJIEeHAIpY OOJIbII
TaObLUIAIBL.

JKYMBICTBIH MaKcaThl HATPHUH TEIUTypaThl JKOHE HATPUH CEJICHAThl KOCHAJapbIHBIH HATPHUH THOCYJIb(GAThIHBIH
MEHTarupaThlHa, ajbIHFAH KOCHAJapAblH JKbUIY)KMHAFBIIl KAacHETTepiHEe ocepiH aHbIKTayaa >karelp. Harpmit
THOCYNb()ATHI KPUCTAIIIOTHAPATEIMEH KOCIIa KypaMbIHIaFbl HATPHUI CEJICHAaThl MEH HAaTPUi TEUTYPaTHIHBIH 9Cep €Ty
CHITIaTBIH 3ePTTey KOHIYKTOMETPHSIIBIK OMICIIEH XKYPTi3iIi.

Harpuii ceneHatbiHblH OesiceHITIK Koa(DdUIMEHTIHIH ©3repyiH, HaTpUil THOCYJb(AThl NEHTArHIPaTHIMEH
KOCTIAChIHBIH JKbUTYyYCTaFbIIITHIFbIHA HATPUH CeJIEHATBIHBIH YJeci ecentennai. COHbIMEH KaTap, HATpUi TEITypaTsl —
HATpUiAIH THOCyNnb(aTbiHbIH neHtaruaparsl  (1:50) KocmachlHIarel —OeNCeHAUTIK KO (HULIMEHTTep MEH
accollMallisyIaHy JIOPEXKECIHIH ©3repyl ecemTesai, OJapFa CoWKec KypAeli KOMIUIEKCTEPIiH Ty3ily mpoueci
9K30TEPMUSUIBIK, all JKbUIYZBl JKMHAY (YcTay) INPOLECiHIH TaOWFaThl JJIEKTPOCTATHKAJIBIK aHBIKTadaibl. Jlemek,
accouuaTTapbIH OepiKTiri TeMIiepaTypaHblH apTybiMeH ToMenaenai. Conpaii-ak, kocra 298 K temneparypara neifin
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CaNKBIHIAYHl Ke3iHae Koprrarad oprara 100 x/[x/kr nmeitin Geminexni. bemcenni kyiire ety temmepatypacel 353 K
Kypaigel. JKyprizinares 3eprreynep HoTwkeciHae tuimai maprrap: T=348 K nmefiin Kb13y, HaTpuil THOCYITb(MATHIHBIH
Cy MOJIEKyJaJapbIMEH acCOIMaTTapblHa TEJUTYypaT-HOHHBIH TYPaKTaHIBIPYIIBI 3 QeKTici aHBIKTaIABI, ajl OJapIblH
KUBIHTBIFBI )KYHere KeJIETiH SHEPTUsiHbI )KUHAYFa (Cyy OapbIChIH/IA )KbUTY O6JIiHEe/1) MyMKIHAIK Oepei.

Tyiiin ce3mep: Harpuii THOCYNb(ATHIHBIH MEHTATHIPATHI, HATPUUIIH CEJIEHAThl, HATPUIIIH TEJIypaThl,
Oerncenainik ko3 hureHTTePi, KBUTYyYCTAFBIIITHIK, KPUCTAIIIOTUAPAT OAIKBIMACHL, JJIEKTPOTKI3TIIITIK.

YK 697.32
II1.K. Amepxanosa', M.JK. )KypmmBz, P. M. llLasinoB', A.C. Yaau'

'EBpasuiickuii HaroHanbHbI yauBepcuter um. JLH. ['ymunesa, Acrana, Kazaxcran;
*MHCTUTYT TOIUTHBA, KaTann3a u snekTpoxumun uM. J1.B. Coxonbckoro, Anmatsl, Kasaxcraun

OIEHKA BJIMSIHUS CEJIEHATA U TEJUITYPATA HATPUSI HA TEPMOJUMHAMUKY
AKKYMYJINPOBAHUA TEIIJIA KOMIIO3UTAMM HA OCHOBE TUOCYJIb®ATA HATPUA

AHHOTanMsi: B TIpOIECCe 3KCIUTyaTallMd TPAHCIOPTA, KWUJIBIX MOMEIICHHWH OCHOBHOW KaTeropueil m3HOca
MaTepHaJIOB SIBIIETCS Mepenaj TeMIepaTyp BHEUIHUX M BHYTPEHHHUX, HMEHHO BBICOKHM I'PAaUEHT M LUKINYECKUE
W3MEHEHHsI TEMIIEPaTypHOro PeXHUMa MPUBOJIST K M3MEHEHUSIM B CTPYKType MaTE€pHUalIOB, K POCTY MOTpeOieHUs
sHepruu. IlosToMy akTyanpHOH mpoOieMoil Hapsity ¢ pa3paboTKOM TeIIoaKKyMyJIHMPYIOIIMX MaTepuaioB
MO3BOJISIIOINMX CYIIECTBEHHO CHU3UTH TEIUIONIOTEPH B OKPYXKAIOUIYIO CPEAy, SIBISETCS MOIU(PHKALMS MaTpUIbI
MIOCPEACTBOM BBEIEHHS DPA3IMUYHBIX 100aBOK. Llenmb paboThl 3akioyaeTcss B yCTAaHOBJICHWH BIMSIHHS J0OaBKH
TeJUTypaTa HAaTPHUs M CeJIeHaTa HaTpHs K MEHTaruApary THoCyib(aTa HATPUS HA TETUIOAKKyMYJIHPYIOIINE CBOKWCTBA
MOJyYEHHBIX cMecei. M3ydeHme moBeneHHs celneHaTa HATpUsl M TEUIypaTa HaTpusi B COCTaBE CMECH C
KPHCTAJUIOTHIPATOM THOCYJIb(aTa HaTpHsi IPOBOIMIOCH KOHAYKTOMETPUIECKUM METOAOM. PaccunTanbl H3MEHEHUS
K03 (QUIMEHTOB aKTUBHOCTH CeJIHAaTa HATpHs, BKJIaJa CeJleHaTa HATpUs B TEIUIOCOICPIKAaHHE CMECH C
HEHTaruApPaTOM THOCYNb(aTa HaTpusa. Takke paccUMTaHbl M3MEHEHHS KO3()(MHLIMEHTOB aKTUBHOCTH U CTEIEHH
acCOIMali CMECH TeJUTypaT HaTpusi — HeHTaruapaT Tuoynbdarta Hatpus (1:50), cormacHO KOTOPBIM MPOILECC
00pa3oBaHUsl CIIOKHBIX KOMIUIEKCOB SIBJISIETCS JK30TEPMUYECKUM, IIPOLECC aKKyMYJIMPOBAaHHUS TeIUla HMEET
EeKTpOoCTaTH4ecKylo npupoay. CrenoBaTenbHO, MPOYHOCTh AacCOIMATOB CHIDKAETCS MPH  MOBBILICHUU
TeMIiepaTypbl. Takyke BBISIBIEHO UTO CMeCh OXJaxasich no T=298 K Bbelgenser B okpyxarwolryo cpeay mo 100
k/x/kr, Temneparypoil mepexoma B akTHBHOe coctostHue sBisiercsi 353 K. B pesynbrare mnpoBemeHHBIX
WCCIIEOBAaHUN HaiIeHbl ONTUMaJIbHbIE yCIoBHs: HarpeB 10 T=348 K, crabunmsupyromuii > ext Temrypar-noHa
Ha acCcOIMaThl THOCYJb(ara HATPUsI C MOJEKYJaMH BOJIBI, YTO B COBOKYITHOCTH IO3BOJISICT HAKaIlJIMBaTh SHEPTHUIO
MOCTYIAOLIYIO K CHCTEME, C TIOCIIECIYIOIINM €€ BBIICIICHHEM B X0/1€ OXJIAXKICHHUS.

Ki1roueBble c10Ba: MeHTAarnapar THOCYIb(ara HaTpPHA, CEJIECHAT HATPHs, TEIUTypaT HATPHs, KOI(DQHUIMECHTHI
AKTHUBHOCTH, TEIUIOCOIEPKAaHNE, PAcIUIaB KPUCTAIIIOTHAPATA, HIICKTPOIIPOBOIHOCTD
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INFLUENCE OF SPACE VELOCITY AND TEMPERATURE ON THE
ISOMERIZING ACTIVITY OF ZEOLITE-CONTAINING Pd- CATALYSTS
DEPOSITED ON THE PILLARED TAGAN MONTMORILLONITE

Abstract. The paper presents data on the isomerization of n-hexane on the zeolite-free and mordenite-
containing Pd -catalysts supported on activated and Al-Zr pillared montmorillonite in Ca-form. Elemental analysis of
composites is shown that the content of alkali metals in montmorillonite decreases in the processes of activation and
pillaring compared with initial clay sample. For example, the sodium content in Pd /AlZr CaHMM + HM- catalyst
does not exceed 0.08%. After pillaring the average Zr content in this catalyst is equal to 9,34mas.%.

It was shown that the introduction of mordenite promotes an increase in the conversion of n-hexane for the 1.5-
3.5 times and a significant increase in the amount of disubstituted isohexanes formed. The optimal space velocity of
n-hexane feeding (0.64 h™") was determined, at which the studied Pd- catalyst shows maximum isomerizing activity
to form 44.7% of mono- and disubstituted isohexanes and 4,4% isoheptanes. The optimal temperature of n-hexane
isomerization over Pd- catalyst was 350°C. The increase of octane number on this catalyst at 350-400°C is 45.4-45.6
units.

The correlation between isomerization activity and the number of medium and strong acid sites was revealed.

Key words: n-hexane, isomerization, space velocity, temperature, selectivity, disubstituted isohexanes, octane
number.

Introduction

One of the most environmentally friendly ways to improve the anti-detonation properties of straight-
run gasolines is to use the process of catalytic isomerization of n-alkanes to produce high-octane isomers
[1-4]. Therefore, the creation of highly effective catalysts for this process operating under mild conditions
is an actual task. Previously, we found that the isomerizing activity of Pt and Pd catalysts on Zr pillared
CaHMM is significantly reduced during long-term tests [5,6]. When n-hexane was isomerized for 20
hours, there was a strong decrease in the isomerizing activity of the Pt catalyst. This determines the choice
of the Al-Zr composition as a pillaring agent, since it is known that the introduction of the second pillaring
component significantly increases the thermal stability of the contacts, their specific surface area and
acidity [7,8].

It is known that depending on the activity of the catalyst used, the composition of the hydrocarbon
feedstock and other process parameters, the magnitude of the space velocity in the refining processes
determines the achievement of equilibrium in the system, the direction of the reaction and the yield of the
reaction products [9, 10]. The space velocity of the feed determines the specific loading of the reaction
volume by the feedstock and characterizes the duration of contact of the reacting intermediates with the
catalyst. The influence of contact time or space velocity of supply with feed is the same for many catalytic
processes. As the contact time increases, the yield of the product for the reversible catalytic reaction
increases, and the more active the catalyst, the shorter the contact time required to achieve a given yield of
the product. Temperature, space velocity of raw materials feed and pressure affect the speed and depth of
oil hydrocarbons conversion [11,12]. For each type of feedstock and catalyst, there is an optimum range of
temperatures, pressures and space velocities of feedstocks.
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The purpose of this work is to study the isomerizing properties of Pd- catalysts deposited on the Al-
Zr- bimetallic composition pillared activated montmorillonite (CaHMM) using isomerization of n-hexane
as the temperature and the space velocity of supply with the raw material are varied.

Experimental

For the preparation of Pd catalysts deposited on the Al-Zr pillared Tagan montmorillonite,
preliminarily clay was activated by treatment with a solution of H,SO, and then pillared with a solution of
aluminum hydroxocomplex [Al1304(OH) 4 (H,0) 1] ™ Al-Zr montmorillonite with a ratio Al: Zr = 1 was
prepared by sequential addition of Al and then Zr into activated montmorillonite using early known
procedure [13,14], followed by washing, drying and calcinations. Pd deposited on AlZr (2.5) CaHMM
using PdCl, solution. The values in parentheses indicate the initial concentration of aluminum in the
hydroxocomplexes in mmol of Al**and Zr* *per 1 g of montmorillonite in Na- or Ca-forms. The activity of
the catalyst was determined by the yield of isohexanes, isoheptanes, the total yield of isomers and the
increase in octane numbers (0.n.).

The acid characteristics of the contacts were obtained from the data of TPD ammonia.

Analysis of the hydrocarbon composition and octane number of gasolines was carried out on a
chromatograph "Chromatek-1000" with a flame ionization detector and a capillary column 50 m long;
temperature of 250°C; carrier gas is helium. Registration and processing of the chromatograms were
carried out with the application of the program "NetChrom-win" (products of the Meta Chrom LLC).

Elemental analysis of composites was carried out with the help of energy dispersive - X-ray
fluorescent spectroscopy on the energy dispersive microanalysis system INCA-Energy 450, mounted on a
scanning electron microscope JSM6610LV, JOEL, Japan.

Results and its discussion

Elemental analysis of composites is shown that the sodium content in montmorillonite decreases from
1,5% in the initial sample to 0.28% in pillared Al (5.0) NaHMM. Similar regularity was observed for the
pillared by AlZr montmorillonite.The sodium content in Pd /AlZr CaHMM + HM- catalyst do not exceed
0.08%. After pillaring the average Zr content in this catalyst is equal to 9,34mas.% (table 1).

Table 1 - Data of elemental analysis of 0,35%Pd Al:Zr(1:1)/CaHMM+15%HM, [Al]=[Zr]=2.5 mmol/g clay,mas.%

Spectrum O Na Mg Al Si S Cl Ti Fe Zr Pd Total

Spectrum1 49,55 0,09 | 0,87 15,32 23,72 0,06 |0,14 0,09 |069 |936 |0,14 100,00
Spectrum?2 49,46 0,07 | 0,82 14,34 24,78 0,06 | 0,10 |04 |0,74 |934 |0,14 100,00
Spectrum3 | 49,79 | 0,09 | 0,84 | 13,92 [ 2467 |005 | 011 | 011 |079 |943 | 022 | 100,00
Average 49,60 0,08 | 0,84 14,53 24,39 0,06 | 0,12 |o0,L11 0,74 1938 |07 100,00

Earlier, we observed [15] that the incorporation of mordenite into the composition of the Pt catalyst
deposited on the pillared Al montmorillonite results in a change in the composition of the products formed
from n-hexane, without significantly affecting the conversion. On this catalyst, a large number of
disubstituted isohexanes - 2,2 and 2,3-dimethylbutanes, as well as isobutanes, isopentanes and
isoheptanes, the number of which increases with temperature. The optimum space velocities of n-hexane
feeding are determined at which the studied catalysts exhibit maximum isomerizing activity and maximum
increase of octane numbers [16].

A study of the isomerizing properties of Pt / mordenite + Al,O; catalysts and Pt catalysts on granular
mordenite without binders showed that the incorporation of mordenite into the catalyst promotes an
increase in the conversion of n-alkanes due to optimization of the acid properties of the catalysts [17,18].
Using the example of the isomerization reaction of n-heptane, it was shown that with an increase in the
proportion of mordenite from 10 to 50% by weight, a gradual increase in n-heptane conversion occurs. In
this case, the zeolite module has little effect on the activity of catalysts with the same zeolite content. The
selectivity of isomerization depends only on conversion and does not change with an increase in the
proportion of zeolite in the catalyst [19]. In connection with the foregoing, the best samples of Pd catalysts
supported on aluminium-zirconium pillared montmorillonite modified with mordenite (HM) were tested in
the isomerization reaction of n-hexane at various temperatures with a space velocity of 0.64 h . (Table 2).
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It can be seen from Table 2 that the conversion of n-hexane on 0.35% Pd /AlZr CaHMM + HM- catalyst
increases 4.2 times with increasing temperature from 250 to 400°C (from 12.8% to 53.5 %).

Table 2 - Isomerization of n-hexane on 0.35% Pd /AlZr CaHMM + HM-composite catalyst (space velocity 0.64 h™)

Catalyst T,°C o, % Sce, Sce+ Yields of reaction products,%
% % {Ci-C4 i-B 2MB 2,2D 2MP zC7
MB
0,35% Pd 250 12,8 60,2 100 1,3 0,1 4,5 32 3,7
300 46,4 87,7 99,3 0,3 1,2 0,8 20,7 20,0 34
350 534 83,7 | 986 |07 1,0 2,6 23,3 21,4 44
400 53,5 80,9 99,0 0,5 1,1 2,8 22,4 20,9 5,8

*% C7 = 2,2- dimethylpentane(DMP), 2,4-DMP, 2,2,3-threemethylbutane(TMB), 3,3DMP, 2-methylhexane(MH), 3-MH, 3-
ethylpentane(EP).

The selectivity to all the isomers is reduced from 100 to 99.0% with an increase in temperature from
250 to 400°C, but remains very high (98.6-100%) in the entire range of studied temperatures. The
selectivity to isohexanes is slightly lower, but if it take into account that the resulting di- and three
substituted isoheptanes have high octane numbers, it can be assumed that the resulting mixtures of
isomeric hydrocarbons also have high octane numbers.

Analysis of the reaction products showed that the isomerization of n-hexane on the mordenite-
containing palladium catalyst proceeds to form C,-, Cs-, C4- and C;- isomers. It should be noted that the
amount of isohexanes on this catalyst reaches 44.7% at 350°C, with more than half of this amount being
2,2-dimethylbutane.Quantities of isopentanes and isoheptanes increases with increasing temperature.
Thus, the content of isopentanes and isoheptanes increases from 0.1% and 3.3% at a temperature of 250°
to 2.8 and 5.8%, respectively, at 400° C.

Comparison of the obtained results with the data on the catalyst without mordenite shows that the
isomer selectivity remains high on this catalyst (Table 3), although the introduction of mordenite promotes
an increase in the conversion of n-hexane by 1.5-3.5 times, and at 300° conversion n-hexane increased
more than 8 times (Tables 2 and 3). The selectivity to all isomers at temperatures of 350, 400° is 96.0-
92.9%. The selectivity to isohexanes at 250, 300" is significantly lower on the mordenite-containing
catalyst due to a higher conversion of n-hexane. It should be noted in the same way that the introduction of
mordenite promotes a significant increase in the amount of disubstituted dimethylbutanes formed. At the
optimum temperature, the amount of 2,2-DMB reaches 23,3%, in addition, there are significant amounts
of isopentanes and isoheptanes, especially at temperatures of 350,400°C, which may be due to the change
in the number and strength of acid sites.

Table 3 - Isomerization of n-hexane on Pd / AlZrCaHMM- catalyst at different temperatures (space velocity 0.64h™")

Ratio Al:Zr, | T,°C o,% Scar Sce Yields of products,% by weight
ilr;ilf 3C,- | i-BUT | ZPen+ 22- 23- 3M | i-Hep
v C, i-Pen DMB | DMB | Pen
250 5.4 100 100 - ; - - - 5.4 -
L:1 300 53 100 100 - ; - - 35 1,8 -
350 154 | 96 862 | - 1,5 0,6 0,8 8,9 3.6 ;
400 395 | 929 | 706 |09 5.6 4.4 2.8 14,7 10,4 | 08

It was shown that with an increase in the amount of palladium from 0.1 to 0.35% in the case of
mordenite-free catalysts, an increase in the relative total amount of acid sites from 220.3 to 249.3% is
observed, mainly due to an increase in the content of medium and strong acid sites, while the number of
weak acid sites decreases. Such a distribution of acid sites should promote the growth of the isomerizing
activity of Pd-catalysts, which we observed experimentally[20].

When modifying the catalysts with mordenite, a slight decrease in the total number of acid sites of
different strengths is observed, and when mordenite is introduced, as in the case of an increase in the Pd
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content, the number of weak acid sites(a.s.) decreases, and the content of medium and strong
(a.s.)increases.

Based on the results obtained, it can be concluded that a decrease in the amount of palladium to 0.1%
and modification of Pd-catalysts by mordenite lead to an increase in isomerizing properties with the
formation of significant amounts of mono-and disubstituted isohexanes, which is due to an increase in the
number of medium and strong acid sites[20].

To select the optimal n-hexane feeding space velocities to the Pd / AlZrCaHMM+HM the composite
catalyst was tested at a space velocity of 1.28 h™'(Table 4). An increase of n-hexane feed rate from 0.64 to
1.28h™ reduces the overall conversion from 53.4 to 51.4% at 350°C, due to a reduction in the contact time
with the catalyst surface. In addition, a comparison with the results obtained at a space velocity of 0.64 h™
(Table 2) shows that with an increase in the space velocity up to 1.28 h™', together with a decrease in the
conversion of n-hexane, the selectivity to all isomers decreased from 98,6 to 95.5%. A slight decrease in
the yield of isohexanes and 2,2-dimethylbutane is observed with an increase in the space velocity of n-
hexane. Thus, the amount of isohexanes under these conditions is 41.6% compared to 44.7% at the space
velocity of n-hexane of 0.64 h™.

Table 4 - Isomerization of n-hexane on Pd /AlZrCaHMM + HM composite catalyst (space velocity 1.28 h™)

Cat. T, °C o, % Sce, Sce+ Yields of reaction products,%
% % {C,-C, |iB 2MB 22 2MP > C7
DMB
0,35% 250 7,7 68,8 92,2 0,5 0,1 3,1 2,2 1,8
Pd 300 40,1 78,3 98.8 0,1 0,1 03 17,0 14,4 3,2
350 51,4 80,9 95,5 0,5 0,3 1,5 21,1 20,5 7,5

Reduction of the space velocity of n-hexane to 0.43 h™' slightly increases the isomerization activity
and selectivity of this catalyst (Table 5) compared to the results at a feed space velocity of 1.28 h™. The
yield of isohexanes at this space velocity of n-hexane at 350°C is 44.1%, which is close to the results
obtained at a space velocity of 0.64 h™'. Comparison of the results presented in Fig. 1 shows that the
optimum space velocity for a Pd / AlZrCaHMM + HM catalyst can be considered to be 0.64 h™".

Table 5- Isomerization of n-hexane on 0.35% Pd / AlZrCaHMM + HM composite catalyst (space velocity 0.43 h™")

Cat. T,°C o, % Sce, Sce+ Yields of reaction products,%
% % {C-Cy i-B 2MB 2,2DMB 2MP > C7
0,35% Pd | 250 21,8 67,9 100 - - - 7,8 7,0 7,0
300 46,2 86,8 98,7 - 0,1 0,5 20,3 19,8 5,5
350 53,7 82,1 94,0 0,7 0,4 2,1 23,5 20,6 6,4
400 56,1 76,3 90,9 1,1 0,7 33 22,8 20,0 |82

The dependence of the yield of isohexanes and isoheptanes on 0.35% Pd /AlZrCaHMM + HM on the
temperature at a various space velocity of n-hexane is shown in Fig. 1, from which it can be seen that the
yields of all isomers increase with increasing temperature and reach a maximum at 350°C. At all space
velocities, the catalyst exhibits a sufficiently high isomerization activity with the formation of 41.6-44.7%
isohexanes and 4.4-8.2% isoheptanes. The highest yields of isomers on this catalyst were observed at a
space velocity equal to 0.64 h™.

To estimate the octane-raising properties of isomerizates obtained on a Pd / AlZrCaHMM + HM-
catalyst, calculations of the increase of octane numbers (o.n.) based on an analysis of the products
obtained by isomerization of n-hexane on this catalyst (figure 2). It can be seen from Fig. 2 that on all the
catalysts studied, regardless of the space velocities of n-hexane, there is an increase in o.n. with an
increase in temperature, which is associated with an increase in the yield of isomers under these
conditions, especially disubstituted with high o.n. For a 0.35% Pd/AlZrCaHMM+HM-catalyst, a constant
value of the o.n. increase is characteristic at 350-400°C. The data presented in Fig. 2, allow to draw a
conclusion about the optimal space velocity of n-hexane, providing the maximum increase of o.n. on this
catalyst. It is shown that for the 0.35% Pd / AlZr CaHMM + HM catalyst, the optimum space velocity is
0.64 h™'. Increase o.n. on this catalyst at 350-400°C is 45.4-45.6 units.
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Figure 1 - The yields of isohexanes and isoheptanes on 0.35% Pd/ AlZrCaHMM + HM catalyst as
a functions of temperature at different space velocities: a) 0.43h ™', b) 0.64 h ™', ¢) 1.28 h™!
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Figure 2 - Dependence of the increase in the octane number of the products obtained by isomerization of n-hexane over 0.35% Pd
/AlZrCaHMM + HM on the temperature at different space velocities (1.28h™", 0.64 h™', 0.43 h™")
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Conclusion

Thus, based on the analysis of the results obtained, it can be concluded that a sufficiently high level of
n-hexane conversion, equal to 53.4-53.7%, with a high isomerizing activity of the mordenite-containing
Pd catalyst to form 44.7% of mono- and disubstituted isohexanes and 4,4% isoheptanes is reached at a
temperature of 350°C. The optimal space velocity of n-hexane (0.64 h™) were determined, at which the
studied catalyst shows maximum isomerizing activity and maximum increase of octane numbers.
Comparison with the data obtained on a 0.5% Pt-catalyst deposited on mordenite in H-form without a
binder and on a Pt / SO, / ZrO, / Al,O; catalyst [18,21] showed that these catalysts are significantly
inferior to those developed by the selectivity the formation of isohexanes (83.0-86.0%) and the yields of
disubstituted isohexanes. The correlation between isomerization activity and the number of medium and
strong acid sites was revealed.
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TYPJIEHAIPIUI'EH TAFAHABIK MOHTMOPUJIVIOHUTKE KOHABIPBIJIFAH HEOJINTKYPAM/IbI
Pt-KATAJIM3ATOPJIAPABIH N3OMEPJIEYIII BEJICEHAUIITTHE KOJEMIIK
KBUIJAM/BIK IIEH TEMIIEPATYPAHBIH 9CEPI

AnHoTauus. Makanana Al xoHe Zr-MeH muiuiapupriereH xoHe Oencenpipinrer Ca ¢opmaiibl MOHTMOPHILIO-HUTKE
KOHIBIPBUIFaH IIEOJHTCI3 KOHE HEONUTKYpaM/Isl Pt-katanu3aTopnapIblH K-TeKCaH M30MEepU3alusChl OOMBIHINA ajbIHFaH
ManiMeTTepi KenripinreH. KommosuTrepre xacanfaH 3JM€MEHTTIK aHaiu3 OeliceHnipy MEH NMuiIapupliey IpolecTepinie
MOHTMOPHJUTOHUTTET1 CUITUTIK MeTajJap/bslH Meepi a3asTbiHbiH KepceTTi. Meicansl, Pd / AlZr CaHMM + HM-
KaTalu3aTopbIHaarel HaTpHid yieci 0,08%-nan acnaiinst. [Tunnapupneren con Oy karanuzaropaarsl Zr mac.yneci 9,34%.

MoOpIEHUT eHri3y K-TeKCaHHBIH KOHBEPCHSCHIH 1,5-3,5 ece apTTHIpaTHIHBI JKoHE IMaiga 00JaThIH KOCOPBIHOACAPIIBI
TUMETUIOYTaHHBIH MeJIepiH alTapiblKTail KeOeHTeTiHi KepceTinai. 3epTTenreH KaTanu3aTopiap MaKCHMAallabl
n3oMepIryerni OeJICeHAUTIK TaHBITHI 44,7% MOHO- jkK9HEe KOCOPBIHOAcapIibl H30TeKcanaap MeH 4,4% u30orentaH Ty3uIeTiH
K-TeKCaHHBIH THIMI KeJeMIiK KbuiaaMasirbl (0,64 car-1) aHbikTanabl. Pd-karann3aTopbiHaaFbl K-TeKCaH U30MEPIICHYIHIH
TriMai Temmepatypacki 350°C Gomabi. Ocki katamusaTopaa 350-400°C Kke3iHe OKTaH CaHBIHBIH ocyi 45,4 - 45,6 Gipiikke
TEH.

W3omepneymnni OGelceHIUINT MEH OpTa XOHE KYIUTI KbIIKBUILABI OPTAIbIKTAp CAHBbIHBIH apachbIHIarbl OaliaaHbICTap
AHBIKTAJIIBL.

Tyiiin ce3gep: K-rekcaH, HU30Mepley, KeJeMAIK KbUIAAMJIbIK, TeMIepaTypa, CENEKTUBTLUIIK, KOCOpbIHOAcapibl
M30MepIIep, OKTaH CaHbI
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BJIUSAHUE OBBEMHOM CKOPOCTH U TEMIIEPATYPHI HA U30MEPHU3YIOIIYIO
AKTUBHOCTbDb HEOJIUTCOAEPKALIUX Pd-KATAJIN3ATOPOB, HAHECEHHBIX
HA MOJU®ULIMPOBAHHBIN TATAHCKA MOHTMOPUJLJIOHUT

AHHoTauus. B cratbe mpencraBieHbl JlaHHble 00 M30MepH3allMM  H-TeKCaHAa Ha  OECLEOJHUTHBIX M
MOpICHUTCOAepKaMX  Pd-karanus3aTtopax, HAHECEHHbIX HAa aKTHUBUPOBAHHBIM M HUUIapupoBaHHBI  Al-Zr
MOHTMOPHIIOHUT B Ca-(opme. DiieMEeHTapHBIH aHaIM3 KOMIIO3UTOB MOKa3al, YTO COJCP)KaHWE IIENOYHBIX METAJIOB B
MOHTMOPHJJIOHUTaX YMEHBILIAECTCSI B HPOLECCe AKTUBALMM U NMWUIAPUPOBAHUS MO CPAaBHEHMIO C HCXOIHBIM 00pa3LoM
bl Hanpumep, conepkanme Hatpus B Pd / AlZr CaHMM + HM-karamuzarope He npebimaer 0,08%. Ilocne
MUJUIApUPOBAHUS CPEJHEE CoAepKaHue Zr Ha 3TOM KaTtajausarope cocraBisieT 9,34 mac.%.

Bouto mokaszaHo, 4TO BBEJEHHE MOPACHUTA CIOCOOCTBYET YBEIMYEHHIO KOHBEpPCHM H-TekcaHa B 1,5-3,5 pasza u
3HAUUTEIBHOMY YBEIMYEHMIO KOJIMYECTBA AU3aMELICHHbIX M30TreKcaHoB. OmnpeneneHa onTUMalbHas 00bEeMHasi CKOPOCTb
noxaun H-rekcana (0,64 4-1), mpu KoTOpoi M3ydeHHBbIH Pd-karanmm3arop moka3bpiBaeT MaKCUMAIBHYIO H30MEPH3YIOILYIO
aKTUBHOCTh C oOpazoBaHueM 44,7% MOHO- M JIU3aMEIIEHHBIX H30reKcaHoB u 4,4% wuzorentaHoB. OnTuMaibHas
TeMIIepaTypa H30MepH3aluy H-rexcana Ha Pd-karammsarope cocramsier 350°C. VBemmueHne OKTAHOBOTO YHCIA HA 3TOM
karanuzatope npu 350-400°C cocrasnsier 45,4 - 45,6 equnu.

BrrsiBiieHa Koppensnus M1y H30MEpU3yIoIeil aKTHBHOCTBIO U YUCJIOM CPEHUX U CHIIbHBIX KUCIOTHBIX LIEHTPOB.

KioueBble c10Ba: H-TeKCaH, H30MEpU3alnsl, 00bEMHAsl CKOPOCTh, TEMIIEPATypa, CEIEKTUBHOCTD, AU3aMEIICHHBIC
U30MEPBL, OKTAHOBOE YHCIIO.
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MODIFICATION OF THE SURFACE OF ALUMINUM AND
MAGNESIUM PARTICLES UNDER THE CONDITIONS
OF MECHANOCHEMICAL TREATMENT AS A METHOD
OF OBTAINING ENERGY-INTENSIVE COMPOSITIONS

Abstract. The paper presents the results of a mechanical treatment of metal powders (aluminum brand PA-4
and magnesium brand MPF-3) in a dynamic action mill using graphite as a surfactant additive in order to improve
the dispersion of powders and modify the surface layer of particles. The mechanical treatment of metals, with
graphite, contributes to the change in the structure, the composition of the surface of metal particles, an increase in
the proportion of the active metal, and the formation of an organic coating of dispersible particles. The obtained
metal particles with graphite were studied by physicochemical analysis methods, a granulometric method for
estimating the particle size distribution carried out on the instrument Malvern 3600E. The effect of mechanochemical
treatment of metal powders on the process of technological combustion of thermite mixtures is investigated. The
results of the study showed that after the machining, the particle size of the metal powders decreases and, as a
consequence, the specific surface area of the metal particles increases with the accumulation of defects in the crystal
lattice. In the process of mechanochemical treatment, the size of the crystallites depending on the mass of the fraction
of graphite used in the composition of the Me/C composite. When using aluminum and magnesium as a fuel
component after mechanochemical treatment in the presence of graphite, the thermal kinetic characteristics of the
combustion process increase.

Key words: mechanochemical treatment, aluminum, magnesium, modification, technological combustion.

Introduction. Metal powders are one of the most important components of fuels of various
compositions and purpose. Their use is primarily due to the high thermal effect of oxidation of the metal,
as well as the decrease in the average molecular weight of the gaseous combustion products as a result of
deoxidation of H,O and CO; during their interaction with the metal [1]. This is especially important for
hydro-reacting fuel systems, in which the metal contains up to 80% and it is the main fuel [2-4]. The most
common and quite energy-intensive metal fuel for fuel systems for various purposes is aluminum. In some
fuels, especially ballistite, aluminum particles, because of the low oxidative activity of oxygen-containing
combustion products, ignite with a large delay in time. In such cases, magnesium or its alloys with
aluminum are used, the particles of which ignite faster than aluminum and burn completely [1, 3]. The
most important characteristic of metallic powders, when used in combustible mixtures, is the content of
the active (non-oxidized) metal, as well as the size and shape of the particles. In most cases, ultrafine
powders with a particle size of less than 1 pm are used. And in recent years, more attention has been paid
to nanodispersed powders, since they are characterized by increased chemical activity, this allowing to
increase the burning rate of fuel [5-7].

To ensure the stability of the properties of metallic powders and to maintain the active metal content,
they are passivated and hydrophobized [8]. In the first case, a solid and strong oxide-hydroxide film is
formed on the surface of the particles preventing interaction of the metal with the oxidizing medium. And
in the second, the surface of particles is covered with a layer of a fatty acid salt, in particular, sodium
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stearate. However, the presence of an oxide-hydroxide film on the surface of particles firstly reduces the
proportion of the active metal, and secondly, the ignition begins only from the moment of contact of the
fuel with the oxidizer as a result of the cracking of the oxide film by the volumetric expansion of the
molten metal inside the oxide capsule.

To a large extent, the state of metal particles, in particular aluminum and magnesium, is primarily
modified in terms of increasing the proportion of the active metal and provides resistance to the external
oxidizing medium, as well as to increase the activity of combustion in the composition of combustible
mixtures, using mechanochemical treatment (MCT) of the powder in planetary centrifugal mills. In the
mechanochemical treatment with various organic modifiers, the fraction of the oxide film of the particles
can be reduced to a considerable extent in the process of grinding the powder, replacing it with an organic
one. As was shown in [9, 10], as a result of MCT of aluminum with graphite in an inert atmosphere, the
reactivity of aluminum increases substantially, and in the first stages of processing a homogeneous
composite product Al/C is formed, in which fine-dispersed aluminum particles are stabilized in highly
dispersed graphite. With prolonged mechanical treatment, there takes place chemical interaction of
aluminum with carbon with the formation of the crystal phase of Al,C; [10]. Much attention is also paid to
the possibility of mechanical activation of magnesium [11].

To obtain highly dispersed metal particles of aluminum and magnesium with a modified particle
surface, it is important to select the optimum MCT conditions for a particular modifying additive. In this
paper, we present the results and a comparative analysis of the MCT studies of aluminum and magnesium
in the presence of graphite.

Results and discussion. For the experiments we used aluminum PA-4 and magnesium powder of the
brand MPF-3. The microstructure of the initial particles of powdered aluminum and magnesium was
investigated. According to the results of microstructural analysis, PA-4 aluminum particles have a
spherical shape with a size of 20 to 63 microns (figure 1 a, b).The specific surface of such samples,
according to the results of the BET analysis, is 3.692 m*/g. The energy dispersive spectrum showed that in
the composition of the initial aluminum grade PA-4, the mass fraction of oxygen is more than 10%. The
presence of oxygen atoms indicates the presence of a sufficiently dense layer of oxide film on the surface
of particles.

The results of the microstructural analysis of the original MPF-3 magnesium powder showed (figure
lc, d) that magnesium particles have a scaly form and the average particle size of the sample exceeds 200
pm, with a flake thickness of about 20 um. The specific surface of such samples, according to the results
of the BET method, is 0.181 m*/g. The results of EDX analysis show the presence of 2.26% oxygen in
magnesium, i.e. the presence of oxide film on the surface of particles. However, the X-ray phase analysis
of initial magnesium of MPF-3 brand showed that it contains 9.6% Mg (OH),, i.e. the surface of the
particles is covered with a hydroxide film.
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Figurel - Electron-microscopic images (a, c), the energy-dispersive spectrum and the mass fraction
of the elements (b, d) of the original aluminum powder PA-4 (a, b) and magnesium MPF-3 (c, d)

Mechanical grinding of Al and Mg particles is difficult due to their plasticity. To facilitate the
dispersion process, surfactants, for example, stearic acid, graphite and other organic compounds, are
added. Thus, when processing aluminum with graphite additives, the dispersing process is facilitated, and
the presence of graphite in a mixture with the metal is a positive factor for subsequent targeted use, for
example, in the composition of energy condensed systems [12-17].Thus, modification of the surface of
metallic nanoparticles by graphite during MCT is carried out not only to protect the metal from oxidation,
but also to increase the energy content of the obtained composite mixture.

Mechanochemical treatment of powders was carried out in the centrifugal planetary mill Pulverzette 5
(manufactured by FRITSCH) with the volume of each working chamber of 500 mm’, the rotation speed of
the platform is 400 rpm, the acceleration of the movement of grinding balls 40 g, the energy consumption
1.5 kW/h. Mechanochemical treatment was carried out in an air atmosphere at a powder/ball ratio
(Mp/Mp) = 1/4. When grinding, the amount of the modifying additive varied (5-20%). The processing time
was not more than 20 minutes to exclude self-ignition. The choice of the optimal time for the MCT was
due to the results of previous studies [18,19]. To prevent oxidation of aluminum particles by air oxygen
after MCT and to assess the changes actually associated with mechanical action, samples of the dispersed
mixture were passivated with hexane (CgH4).

After MCT of aluminum with graphite, the particles have a plate (scaly) shape of different thickness,
i.e. in the process of grinding, the shape of the particles changes and the formation of the layer structure of
the Al/C composite occurs (figure 2 a).

The specific surface area of the powders, which was determined by the BET method, increases
substantially after the MCT. Thus, the specific surface area of the treated mixture (Al 80% + C 20%)
increases to 9.554 m?/g according to BET analysis. The state of the surface layer also changes. Elemental
analysis of the composite (Al 80% + C 20%) after MCT showed that the mass fraction of aluminum in the
composite is 80.69%, that of carbon 13.57% of the total mass of the sample, and the amount of oxygen is
5.75% (figure 2 b). Consequently, in the aluminum-graphite MCT process, aluminum is partially reduced
in the surface oxide layer of the particles and the oxygen content in the composite decreases.

As a result, MCT of magnesium with graphite, the particles retain a plate-like shape (figure 2 c). The
specific surface for the composite particles (Mg 80% + C 20%) increases to 16.383 m?*/g. The EDX
analysis of the elemental composition of the Mg/C composites showed that the mass fraction of oxygen
atoms increases after MCT, so for Mg 80% + C 20% it is more than 6% (figure 2d).

Consequently, on the surface of magnesium particles after MCT, the thickness of the oxide layer
increases.However, based on the results of X-ray phase analysis, neither oxides nor hydroxides are formed
on the surface of the particles, the amount of which can reach 15% (figure 3).
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Figure 2 - Electron-microscopic images (a, c), the energy-dispersive spectrum and the mass fraction of elements
(b, d) in the composite (Al 80% + C 20%) and (Mg 80% + C 20%) after 20 minutes of MCT
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Figure 3- Diffractogram of the sample (Mg 80% + C 20%), after 20 minutes of MCT

Evaluation of the particle size distribution carried out on the Malvern 3600E showed that when the
graphite content in the aluminum system increases to 15-20% after grinding, the bulk of the powder has a
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particle size of less than 5 um. Almost half of them have a size of less than 2 pm (figure 4 a) resulting in
the increase in the specific surface area of the aluminum particles of grade PA-4 from 3.7 to 9.5 m*/g.

After grinding magnesium in a mixture with graphite, the bulk of the powder of the Mg/C mixture has
a particle size of less than 5 um, which are practically agglomerates of nanosized particles (figure4 b).
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Figure 4 - The mass distribution of the Al/C (a) composite particle
and the Mg/C (b) composite after 20 minutes of MCT

To evaluate the substructure features of aluminum particles after MCT, crystallite sizes were
measured by the XRD method in the obtained Al/C, Mg/C composites. According to the results of the
analysis, in the process of mechanochemical treatment, the size of the crystallites varies from the amount
of the modifier used (table 1).

Table 1 - The size of aluminum and magnesium crystallites after 20 minutes of MCT with graphite

The content of graphite in The size of crystallitesL, A

composites Al Mg

- 690 580
5%C 560 600

10% C 490 770

15%C 440 590
20%C 410 520

With mechanical action, both accumulation and redistribution of defects over the volume of the
particle takes place. As a result of MCT aluminum with graphite, the size of crystallites decreases and the
content of carbon increases in the Al/C composite. During MCT of magnesium with graphite, at first there
proceeds growth of crystallites and at a carbon content of 15-20%, the size of the crystallites, decrease i.e.
there takes place more intensive accumulation of defects in the volume of grains. This may be due to the
fact that during MCT carbon atoms penetrate into the grain of the aluminum particle and together with the
defects diffuse by its volume under the action of mechanical stresses. In some cases, this process is likely
to contribute to stabilization of defects, in other cases, it transfers them to the particle grain boundary and,
as a consequence, the size of crystallites grows[20]. The surface film of particles of both aluminum and
magnesium is destroyed (loosened) and saturated with highly disperse carbon particles (figure 5).
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Figure 5 - Electron-microscopic images of aluminum and magnesium particles in the initial state (a, c)
and in the composite (Al 80% + C 20%) and (Mg 80% + C 20%) after 20 minutes of MCT (b, d)

Thus, the use of graphite during MCT of aluminum and magnesium, according to all the
characteristics analyzed, contributes to a change in the morphology and structure of the particles of the
formedmetal/carbon composites (Me/C). The observed changes in the size of aluminum and magnesium
particles modified by the organic additive (graphite) during MCT is a consequence of the fact that in the
formation of the surface layer of particles in all the considered cases, an important role is played by
carbon, also dispersed in the MCT process.

Structural changes during MCT of the investigated Me/C composites lead to a change in their
chemical activity, which is clearly manifested in the solid-phase combustion (ie self-propagating high-
temperature synthesis - SHS) of the mixture of aluminum or magnesium powder, as a fuel, with silicon
dioxide, used as an oxidizing agent. Silicon dioxide, in this case, is used in an unactivated state. Mixtures
were prepared at the stoichiometric ratio of the components: (Al 37.5% + SiO, 62.5%) and(Mg 44% +
Si0; 56%). After MCT of aluminum with graphite and introduction of the resulting powder, respectively,
in an amount of 37.5% and 44% into the charge with quartz, a considerable reduction in the induction
period of ignition is observed as well as an increase in the rate and temperature at all stages of the
combustion process as compared to a non-activated fuel (figure 6 a).For a mixture of quartz with a
composite (Mg/C) after MCT, the induction period of ignition also decreases and the temperature and
burning time of mixtures with SiO, increase, but this is less expressed than in the case with
aluminum(figure 6 b).
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Figure 6 - Thermograms of combustion of the system (SiO, + Me) with aluminum and magnesium in the initial state and after 20
minutes of MCT with different amounts of graphite: a-SiO, + (Al/C), b-SiO, + (Mg/C); 1 - Me initial; 2 - 5%; 3 - 10%; 4 - 20% C

Table 2 shows the parameters of the main characteristics of the combustion process and the strength
of the synthesized samples. It is seen in Table 2 that composition [(Al + C 20%)mcr 37.5% + SiO;]has the
maximum combustion temperature, but its strength is significantly reduced compared to the sample
without carbon. This is due to the release of gaseous products, the amount of which increases with
theincrease in carbon content in the mixture, thus leading to formation of the porous structure of the
sample (figure 7 a). The maximum burning rate (118.2 deg/sec) during SH-synthesis was stated for the
system [(Al + C 5%)mcrt SiO,]. This is possibly related to the optimum ratio of the particle size of the
constituent components of the mixture, and correspondingly to the increase in the packing density, which
provides a close contact between the oxidant and the fuel.

Table 2 - The indices of the maximum temperature, the burning rate of mixtures of SiO, with modified aluminum
and magnesium, and the strength characteristics of the synthesized samples

0,

Composition of modified fuel based on Trax, C Burning rate, o, MPa
aluminum deg/sec

Al initial + (SiO,) 1319 19.16 37.6
(Al + 5 % C)per + (S10,) 1441 118.2 8.36
(Al + 10 % C)pcr + (Si0») 1436 83.7 12.54
(Al + 20 % C)yer + (Si0y) 1532 56.8 2.11
Mginitial + (SiO,) 1170 23.6 50
Mg+5%C)pert (Si0,) 1295 40.9 5.8
Mg+10%C)ycrt (Si0,) 1318 58.6 1
Mg+20%C)pcrt (Si0,) 1223 51.4 1

Figure 7 - The break and appearance of SHS samples obtained with aluminum (a)
and magnesium (b) modified during MCTwith the content of graphite equal to 20%
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In the samples obtained with a fuel in the form of carbon-modified aluminum, a fine-porous structure
with dense partitions is formed. This fact testifies to the prospects of using such materials for obtaining
heat-insulating systems. Products of technological combustion of samples, the combustible component of
which is the composite (Mg/C), have a low index of strength characteristics due to the porous, loose
structure of the samples (figure 7 b). This is due to the fact that combustion proceeds layer-by-layer and a
large amount of gaseous synthesis products are formed.

Conclusion. Thus, MCT of aluminum and magnesium with graphite contributes to a change in the
morphology and structure of the particles during formation of composites (Me/C), the change in the size
of aluminum and magnesium particles, and the surface modification with an organic additive (graphite).
The use of mechanical treatment leads to a decrease in the particle size of metal powders and, as a
consequence, an increase in the specific surface area of metal particles with an accumulation of defects in
the crystal lattice. In the grinding process, the particle surface is constantly in an excited highly active
state, and the presence of organic additives in the course of MCT provides the formation of an organic
coating on the surface of the particles.

The combustion results of mixtures in which aluminum and magnesium were used as a fuel
component after MCT in the presence of graphite showed the efficiency of this method in increasing the
thermo-kinetic characteristics of the combustion process, as well as the conditions for the preparation of
the combustible material and procedure the combustion process due to which formation of a large volume
of gaseous synthesis products. The latter fact is important when using the obtained nanostructured Me/C
composites in the composition of combustible systems intended, for example, for gas generators or for
swelling and production of porous systems of a certain purpose. Such compositions are generally
heterogeneous condensed systems.
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JKany npobnemarnap nHCTUTYTHI, AnMatsl, KazakcTan
on-Dapabu ateranarel Kaz¥V, Anmarer, Kazakcran

AJIIOMUHUM )KOHE MATHUA BOJIIIEKTEPTHIH BETTEPTH MEXAHOXUMMUSLIBIK
OHAEY PEXXUMIHJAE MOJUOULHUPJIEY — )KbIJTY CBIMBIM/IbI KOMITIO3UTTEP AJTY TOCLII

AnHoTamms. Makanana Merayul yHTakrapsiH (amoMmunnii PA-4 mapkacebkoHe marauii MPF-3 mapkacer) GerTik Gerncenni
3aT periHie rpadUT KeMeriMeH, YHTaK IUCIEPCTUIIriH apTThIpy koHe Oeunmrek OeTTik KabaThlH MOAMGHLUPICY MaKcaThIHIA
JMHAMMKAIBIK AWIPMEHAE MEXaHOXMMMSUIBIK OHJEY JKYMBICTAPBIHBIH HOTIDKENepi KenrtipiireH. Mertanpapasl rpadurieH
MEXaHOXHMISUTBIK OHJIEY METall OeNIICKTEpiHiH KYPBUIBIMBI JKOHE KACHETTEpiHIH e3repyiHe, OelceHIi MeTajul MeJIIepiHiH
JKOFapbUIaybIHA KOHE AUCTIICPCTENIHETIH OoIIeKTep OeTiHAe OpTaHNKAJIBIK XKaOBIHABUIAPABIH Maiaa O0MybIHA aKeneai. ATBIHFaH
MeTaJul XxKoHe rpadut GemmekTepi Gu3NKa-XUMISUIBIK Tatgay aaictepi, «MansepH 3600E» KypbUIFBICEI KOMETIMEH JKYPTi3ileTiH,
OeJIeK  eJIIEMICPiHiH TapalyblH TpaHyJIOMETPHSIIBIK oONiC KOMETiMeH 3eTTeysep Kyprisinmi. TepmuTTi SKyHenepnin
TEXHOJIOTHSUIBIK, JKaHy YJIepiCiHe MeTaul YHTaKTapblH MEXaHOXMMUSJIBIK OHICYIIH ocepi 3epTTeliHAl. 3epTTey HOTHXKelepi
MEXaHOXMMMSUIBIK OHICYJCH KEeWiH MeTaul YHTAKTapbIHBIH OOJIIEKTEpiHiH oJIeMaepi TOMEHJE, COMKECIHIIe KPHUCTaUIUTTI
TOopIa akayjap JKMHAJbBIN, MEHIIIKTI OCTTIK KeJieMi >KOFapbUIAMTBIHIBIFBIH KOpceTTi. MeXaHOXUMHUSUIBIK OHACY yHepicrepi
ke3inne Me/C KOMIO3HMT KypamblHAa TrpaduTTIH MaccaiblK yiieciHe OaiIaHBICTBl KPUCTAUIUTTEpP OJIIeMi ©3repeTiHAiri
aHBIKTAIABL. AJIOMHHHUHA JKOHE MarHuil OejmiekTepiH rpadUTIeH MEXaHOXMMUSUIBIK OHICYICH KEeWiH JKaHFBII 3aT peTiHIe
KOJIZIaHy KaHy YIAEepICTEepiHiH TePMO-KHHETHKANBIK CUTIATTaMAIapbIHBIH )KOFapblIayblHa AJIBIN KENETIHIITT KOPCETiIi.

Tyiiin ce31ep: MEXaHOXUMUSIIBIK OHICY, AMIOMUHHAN, MATHUH, MOAU(UIHPIICY, KATTHI(A3aIIbl )KaHy

VIK: 541.124.16
H.H. Moga, B.C. CanbikoB, A.E. bakkapa, H.I'. [Ipuxoasko,b.T. Jlecoaes, 3.A. Mancypos
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MOANPUIIUPOBAHUE NIOBEPXHOCTHU YACTHUI AIIOMUHUS 1 MAT'HUSA
B PEXKUME MEXAHOXAMMYECKOM OBPABOTKH — CLIOCOB IMMOJIYYEHHUSI
SHEPTOEMKHNX KOMITIO3UITA

AHHoTanms. B pabore mpexncTaBineHbl pe3yibTaThl MEXaHOXUMHUYECKOH OOpPaOOTKH MOPOLIKOB METAUIOB (QJIIOMHHHUS
Mapku [IA-4 u marnus mapku MPF-3) B MenbHuIle AMHAMHUYECKOro JIEHCTBUS C HCIOJB30BaHHEM TIpaduTa B KauecTBeE
MOBEPXHOCTHO aKTHBHOHN JOOABKH C IETBIO MOBBIIICHHS JUCICPCHOCTH IOPOIIKOB M MOJU(UIIMPOBAHKS IIOBEPXHOCTHOTO CIIOS
gactull.MexaHnndeckass oOpaboTKa METauIOB C TpadUTOM CIOCOOCTBYET H3MEHEHHIO CTPYKTYphl M COCTaBa IOBEPXHOCTH
METaJUINYECKHX YacTHII, TIOBBIMICHHUIO O aKTHBHOTO MeTalla M ()OPMHUPOBAHUIO OPTaHHYECKOTO HOKPBITHS JHCHEPTHPYEMBIX
gactuil.[lodydeHHble 4YacTHIBI METAUIOB C TpaduTOM OBUIM HCCIEOBaHBl (DU3HKO-XMMHYECKIMH METONaMH aHaju3a,
IPaHyJIOMETPHYECKUM METOJOM [UIsi OLHKM pacHpelelieHHs YacTHIl 110 pa3MepaMm, IpoBoanMas Ha mnpubope «MaiBepH
3600E».VccienoBano BiIMsSHHE MEXaHOXUMHYECKOH 0OpabOTKH MOPOIIKOB METAIIOB Ha MPOLECC TEXHOJIOTMYECKOTO T'OPESHUS
TEpPMHUTHBIX cMecel. Pe3ynbTaThl McclieoBaHMs MOKAa3aliH, YTO TOCIe MEXaHW4ecKoil oOpaboTKM pa3Mepsl YAaCTHI] MOPOLIKOB
METAJIJIOB YMEHBIIAETCS M KaK CIEACTBUE yBEIMYMUBACTCS Y/eIbHas NOBEPXHOCTh YaCTULl METAJUIOB C HAKOIUICHUEM Je(eKTOB B
KPHCTAIUTMYECKON perreTke.B mporecce MexaHOXUMHYECKOH 00paOOTKH, pa3Mep KPHCTAJUINTOB M3MEHSETCS OT MAaCCOBOU IO
ucroib3yeMoro rpagura B cocraBe kommosuta Me/C. Ipuncnons3oBaHnE B KadecTBE TOPIOYEro KOMIIOHEHTA AIIOMHHHS U
MarHus 1ocjie MEXaHOXMMHUYCCKOH 00pabOTKH B IPHCYTCTBHM TpaduTa MOBBIMIAIOTCS TEPMO-KMHETHUECKUE XapaKTEPUCTHKU
npolecca ropeHusI.

KnroueBble cjioBa: MexaHOXMMHYECKast 00pabOTKa, aIFOMUHUMA, MarH1H, MOAN(HUIPOBaHUE, TBepAO(a3HOE FOpEHHE.
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BINDING D-ELEMENTS OF GROUP VIII
OF THE 4TH PERIOD OF THE PERIODIC SYSTEM

Abstract. This article briefly reviews the connecting d-elements of the fourth period I-VIII groups of
theperiodic system. Also compares the main elements of the group VIIIA and VIIIB transition group, their properties
and electronic formulas.

If we collate the VIIIB subgroup of iron elements with the valence states of argon, krypton VIIIA of the main
subgroup, then argon in oxidation rates of 0, +2, +6 is an analog of krypton, and in the oxidation +8 Ar will not be a
krypton’s analog. On the contrary, in low oxidation rates, iron differs from argon, and in the oxidation of +8, iron is
an incomplete analog of argon. Iron is a binder between subgroup VIIIA and subgroup VIIIB by electron
configurations with a valence corresponding to the group number of the periodic table.

Gas XeO, under ordinary conditions, has not been studied sufficiently, but electron diffraction data and IR
spectroscopy indicate that its molecule is tetrahedral. Its structure, based on isomorphism, is similar to the tetrahedral
structure of FeQ,4, OsO,4, RuOy,.

Key words: transition metals, degree of oxidation, binding element, the terms Klechkovskii, characteristic
elements, isomorphism.

In the study of d-elements of the periodic table, it is necessary to focus on their relationship with cp-
and s- elements. They are called transient and are located in large periods between p- and s- elements, and
the ions of which are characterized by one of the nd*(0< x <10) states (for example, S¢*"- d°, Zn**- d'%)

The highest oxidation state of most d-elements corresponds to the group number of the periodic
system in which they are located, for example, manifested in oxides:

+3 +4 +5 +6 +7 +8
SC203 T102 V205 CI'O3 Ml’l207 FCO4

Scandium and its analogues in the corresponding periods are the first d-elements. They begin to fill
the pre-surface layer. Unlike other d-elements, scandium and its analogues are characterized by the
oxidation state +3. In its chemical behavior scandium is similar to aluminum at the same time. The
formula of higher scandium oxide- Sc,0; shows the basic properties-Sc(OH);. Electronic structure of the
outer energy layer of scandium is fully consistent with the second rule Kleczkowska. Consequently, its
valence electrons are at 4s - and 3d- sublevels. Therefore, the highest degree of oxidation is equal to +3,
which corresponds to the group number. And the electronic structure of the atom ends with s-electrons, so
this element exhibits metallic properties. The remaining 9 d-elements from IV period are a continuation of
the electronic layer. These d-elements in their period are the first d-elements, that is, they begin to fill the
d-orbitals, ends at the atom Zn.

The so-called long version of the periodic system proposed by B. V. Nekrasov is often used [1]. In
this version, the periods are not divided into parts, but written completely in one line. Similar elements are
connected by straight lines. Here it is necessary to compare the oxidation state of the elements
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corresponding to the group number of the periodic system. The main achievement of B. V. Nekrasov is
that he established Sc, Ti, V, Cr, Mn, Cu, Zn at maximum valence by characteristic elements, but it
remains uncertain which elements of the triad are analogs for inert gases at their maximum oxidation state.
However, this cannot be considered a mistake, as the experimental facts at the time was not enough.
In the periodic system, a number of elements are combined into triads (triads of iron, ruthenium and
osmium). Inside the triad, the properties of the elements are close. This group includes three of the triad of
metals (nine d-elements)

Period 4 5 6
Elements Fe, Co, Ni Ru,Ph,Pd Os, Ir, Pt

and the noble gases that complete each age. As in any other group, the members of the VIII group can
be divided into the main VIIIA - and the side VIIIB — subgroups.

The subgroup of iron includes ruthenium and osmium-each in its period are d-elements, which begins
filling the d-orbitals of the previous layer by electron. The maximum oxidation state (+8) is equal to the
group number of the periodic table. For iron, the most characteristic oxidation States are +2 and +3, iron
derivatives are also known, in which the oxidation state is +4, +6 and +8. There is information about the
preparation of iron oxide- FeO4(+8). This is not a stable volatile compound of pink color[2]. Tetraoxide
osmium and ruthenium toxic. Thanks to the acid properties OsO, during the interaction with basic
compounds:

0Os0; + 2KOH = K, [0sO4 (OH);]
complexes are formed.

Elements Fe Ru Os
Oxidation 2,3,4, 2,3,4, 2,3,4,
Degree 6,8 5,6,7,8 6,8

Vertically, the first d—element of the VIIIB group is iron (IV-th period), followed by ruthenium (V-
th period) and osmium (VI-th period). Their electronic configurations of the outer shell of Fe [Ar]3d®4s,
Ru[Kr] 4d’5s' and Os[Xe] 4f'*5d°6s” atoms.

Between elements in the vertical columns show some of the features and a closer resemblance. For
example,members of the Fe, Ru and Os series are particularly active catalysts in the synthesis of ammonia
from hydrogen and nitrogen elements.

If we compare the VIIIB subgroup of iron elements with the valent States of argon, krypton VIIIA
of the main subgroup, then argon in the oxidation States 0, +2, +6 is an analogue of krypton, and in the
oxidation state +8 Ar will not be an analogue of krypton. In contrast, in the low oxidation States of the
iron differs from that of argon, and in the oxidation state +8 iron is incomplete analogue of ar (see tab.1).
Electronic configurations of Fe, Ar and Kr in atomic state and oxidation States +2, +6 and +8 (tab.1). Iron
is a connecting element between the subgroup VIIIA and the subgroup VIIIBby electronic configurations
with valence, corresponding to the group number of the periodic system.

Table 1 - Comparison of electronic configurations of iron, argon and krypton as VIII-group elements

Oxidation degree Fe (VIIIB) Ar (VIIIA) Kr (VIIIA)

0 [1s72572p°3s%3p°] [1s%2572p°] 3s%3p° [1s%2572p°3s%3p°]
3d%s? 3d'%45%4p"

+2 [15%25%2p®35%3p9] [15*2s%2p%] 3s%3p* [15%25%2p®3s%3p°]
3d° 3d"%4s%4p*

+6 [15%25%2p®3s%3p°] [15%25%2p%] 352 [15%25%2p®3s%3p°]
3d? 3d"%4s?

+8 1572s%2p®3s%3p® 1s28%2p° [1s%2572p®3s%3p°]

3d10
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Until recently, it was believed that noble gases were not at all capable of entering into chemical
reactions, and placed them in the "zero" group of the periodic table of D.I. Mendeleyev, where the
elements with "zero" valency were supposed to be. In 1962 the Canadian chemist N. Bertlett succeeded in
obtaining compounds of inert gases with fluorine [3]:

Xe + PtF¢Xe'[PtFs] —»

Here, PtF6 takes one electron away from xenon. Investigating the chemical properties of the PtF6
compounds of the VIIIB group, N. Bertlett observed that with prolonged exposure to air it changes color,
resulting in the formation of O2 + [PtF6] -. The reason for this is that the first ionization energy of xenon
is comparable in magnitude to the ionization energy of molecular oxygen (1175 kJ / mol for O2 O2 ++ e-).
Therefore, in this case, xenon hexafluoroplatinate is formed similarly to oxohexafluoroplatinate.

A few months later, XeF4 and XeF2 were synthesized in other laboratories [4].

As is known, the degree of oxidation of xenon is (+8) [5].

XeO4 + XeF(,XCO3F2 + XCOF4 —>

xenon belongs to the VIIIA group.
Tetraoxide is obtained by the action of anhydrous H2SO4 on barox oxoxenate (+8) at room
temperature:

B32X606+2H2804 —> 2BaSO4+XeO4+2H

HeO4 under ordinary gas conditions, has not been studied sufficiently, but the data of electron
diffraction and IR spectroscopy indicate that its molecule is tetrahedral. Its structure is similar on the basis
of isomorphism, the tetrahedral structure of OsO4, RuO4. The derivatives of xenon (+6) are strong
oxidants. However, when even more powerful oxidants are applied to them, compounds with a degree of
oxidation (+8) can be obtained. Of these compounds, xenon-x-fluoride XeF§, xenonetetraoxide XeO4, and
xenonoxodifluoride XeO3F2 are known. These compounds are similar to the acidic compounds OsO4 and
RuO4.

The elements of the krypton subgroup-kryptonKr, xenon Xe, radon Rn, are characterized by a lower
ionization energy of atoms than the typical elements of neon and argon VIIIB of the group. Therefore, the
elements of the krypton subgroup give compounds of the usual type. And in this direction, the elements of
the krypton subgroup differ from other noble gases by the large dimensions of the atoms (molecules) and
the high polarizability in the series of He-Ne-Ar-Kr-Xe atoms. Due to the high stability of the electronic
structure of the atom (ionization energy 15.76 eV), the valence-type compounds for argon have not been
obtained.

For He, Ne and Ar, stable compounds are not known [6]. And the next noble gas - krypton has
chemical compounds, but their

less than xenon. In addition to KrF2, KrF4, the formation of the first compounds containing Kr-O
bonds was detected [7] by NMR spectroscopy (19F, 170) to monitor the synthesis of the stable compound
[Kr (OTeF5) 2]:

3KrF,+ 2B(OTeFs); —»  3Kr(OTeFs), + 2BF;

— g2 ——
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Figure 1 - Addition to the long version of the periodic system proposed by B.V. Nekrasov

Having a relatively larger atomic size, argon is more inclined to form intermolecular bonds than
helium and neon. Therefore, the most common clathrates formed by Ar, Kr and Xe with hydroquinone
1,4-C6H4 (OH) 2 and water. Clathrates can serve to store noble gas reserves.

It can be assumed that iron is a link between subgroup VIIIB and subgroup VIIIA at maximum
valence (+8). Fe and Ar at maximum valence (+8) are connected by a small dotted line (Fig. 1). For the
remaining III, IV, V, VI, VII, I and II groups of the fourth period, the connecting elements are Sc, Ti, V,
Cr, Mn, Cu, Zn [1, 8, 9].

Substances formed by elements of the main and secondary subgroups, in some cases, differ in their
properties. However, in the highest degree of oxidation, their properties are close. For example, VIIA-
subgroup-halogen-oxidizers, VIIB-subgroup-reduction metals, where they exhibit low valence (CI20-
acidic oxide, MnO-base), the differences were sharply expressed. However, in their highest degree of
oxidation, these elements in the composition of the corresponding compounds are similar in properties [9].
Thus, halogens and metals of the VII group oxidize strongly with strong acids: tetraoxochlorate (+7)
hydrogen HC1O4 and tetraoxomanganate (+7) hydrogen HMnO4, which are also the strongest oxidants.
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X.JlocMyxameioB aTbIHIaFbl ATBIpay MEMJICKETTIK YHUBEPCHTETI

JAMEHJEJEEBTIH TEPUOATHIK ) KYWUECIHJEI'TIV ITEPAO/IBIHBIH,
BAWJIAHBICTBIPYIIBI d -JIEMEHTTEPI

Annoranusi. Makanana J[.VI. MeHneneeBTiH nepuonTelK xyieciniy [V-nepuonsianarel [-VII TonrapabH
HETI3Ti J)KOHEe KOCBIMIIIA TONTAPBIHAAFBI 3JeMeHTTep KapacThipsuiabl. Mynna VIII A werisri sxone VIII B xockimma
TOIIIIA 3JIEMEHTTEPIHIH 3JIEKTPOH/IBIK KYPBUIBIMBI )KOHE KACHETTEPi CaIbICTBIPBUIIBI.

An, erep VIIIA Heri3ri TOOBI »rmeMeHTTEpi aproHnsl, KpunToHAB! VIIIB TOOBIHBIH 3JIeMEHTI TeMipMeH
CaANBICTHIPCAK, OHMIA OJAPIBIH SJEKTPOHIBIK KYPIBIMBIH CANBICTBIpY HoTexkeciHme 0, +2, +6 TOTBIFYy mopexenepi
YIIiH KPHUIITOH apTOHHBIH aHAJIOTHI, aJl +8 TOTBIFY A9perKeci YIIiH onap aHalor eMmecTiri oenrini. OraH kepiciaae Oy
MaKCHUMaJl BAJICHTTLTIKTE TEeMip aproHHbIH aHayiorsl. Mine, 0y Gisre temip meransl VIII A sxone VIIIB tomrapbid
0aiiaHbICTHIPYILIBI DJIEMEHT €KeH IIrHe KYMOH KenTipMeiii (+8 TOTBIFy JopeKeciHie).

XeO, TONBIFBIMEH 3EPTTENTeH XKOK, Oipak 3nexTpoHorpadus xoHe MK-cnekTpoCKOMUsUIBIK 3epTTeyiep OHBIH
MoJiekynacel u3omopdusm Herizinne FeOy OsO; RuO4 cHAKTBL TETpasApiiK KypbUIBIMFA K€ OOJIATBIHIBIFBIH
KOPCETTI.

Tyiiin ce3mep: aysicnansl MeTannap, TOTBIFY Jopexeci,0aillaHbICTBIPYIIBl  3JIeMeHT, KiieukoBCKuiinig
epexenepi,CUnaTTaMajIbIK 3JIEMEHTTEP, H30MOPPH3M.
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ATpIpaycKuil rocy1apcTBEHHBIN yHIBEpcHTET NM. X.JJocMyxamenoBa

CBSI3bIBAIOIIUE d-3JIEMEHTBI I-VIII I'PYIIIbI 4-I'0O HEPUOJIA
NEPUOJUYECKOHU CUCTEMBI J.U.MEHJIEJIEEBA

AnHoTtanusi. B craree Bkparie paccMmaTpuBaercsl cBsi3biBaromue d-sjieMeHTHl derBeproro nepuoaa [-VIII
rpynnsl nepuoanueckoit cucremsl 1 .M. Menneneesa. CpaBHuBarorcs anemenTsl VIIIA rnasHo#t rpynnst u VIIIB
MOOOYHOMN TPYMITBI, UX IEKTPOHHBIE (JOPMYJIIBI M CBOHCTBA.

Ecmu comocraButs VIIIB moarpyrmiry 3:1eMeHTOB jkeJie3a ¢ BaJICHTHBIMU COCTOSHUSAMHE aproHa, kpuntoHa VIIIA
TJIaBHOM TOATPYIBI, TO aproH B CTEHEHsAX okucieHus 0, +2, +6 sBiseTcs aHaAIOroM KpPUITOHA, a B CTENECHU
oxucieHus +8 Ar He OyAeT aHaJIoroM KpunroHa. HanmpoTus, B HU3KHX CTEMEHSIX OKHCIICHUS JKEJIe30 OTINYAETCs OT
aproHa, a B CTENEHU OKHCIIEHHMs 18 jKesie30 sSBISIETCS HEMONHBIM aHaloroMm aproHa. JKemes3o sBiseTcs Kak Obl
CBSI3YIOLIMM 3JieMeHTOM Mexay noarpynmnoi VIIIA u moarpynmoi VIIIB 1o aneKTpOHHBIM KOHGUTYpalusM Mpu
BaJICHTHOCTH, OTBEYAIOIIEl HOMEPY I'PYIIIbl HEPHOJUUECKON CHCTEMBI.

XeO, B OOBIUHBIX YCIOBHSIX ra3, M3Y4eH IIOKa HEJIOCTaTOYHO, HO JaHHble fyekTpoHorpadun u HK-
CHEKTPOCKOIUM YKa3bIBAlOT Ha TO, YTO €r0 MOJIEKyJla TeTpa’dapudeckas. Ero cTpoeHue aHajlOrMyHO Ha OCHOBE
n3zoMopdusma, rerpadapudeckomy crpoenuo FeOy, OsOy, RuO,.

KioueBble c10Ba: MepexoJHbIE METAJUIBL, CTEIEHb OKUCIIEHHE, CBA3BIBAIOIIMI 2JIeMeHT, npaBuna Kieukos-
CKOTO, XapaKTEPUCTHIECKUE HIEMEHTBI, H30MOPPH3M.

Caeenns 06 aBTopax:

BykanoBa Ajiryns CokeeBHa — K.T.H., JOLICHT, 3aB.Kadepoi « XUMHs 1 XUMHUYECKask TEXHOIOTHD,
KatipnueBadaszunarbacapoBHa — K.T.H., CT. IpenogaBaTeb Kapeapsl « XUMHS 1 XUMUIECKasi TEXHOJIOT U,
Caxwurosa JIuaus barumxaHoBHa — MarucTp, CT. MpenoaaBaTenb Kadeapsl « XUMHS 1 XUMUYECKask TEXHOJIOTHS;
IMTangenko Onbra FOpreBHa - MarucTp, CT. MpenoaaBarTeb Kadeapsl « XUMHS 1 XUMUYECKast TEXHOJIOTHSY;
Kapabacosa Harnma AcbkuibexoBHa - MarucTp, CT. IpenoaaBaTens Kadeapsl «XuUMUs U XUMHIECKast TEXHOJIOTHS»;
Hacupos Paxmeryimia — a.X.H., mpodeccop kapenpbl «XUMUsS U XUMAICCKAsT TEXHOIOTHSD».
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CHALCONES-SYNTHONS IN SYNTHESIZING
BIOLOGICALLY ACTIVE MATTERS

Abstract.The review paper summarizes and systematizes the literature data of recent years, as well as the
results of the authors' research in the field of functionally substituted chalcones. The most common natural
chalcones, methods of production, reactivity and biological properties of synthetic chalcones are given.
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Important representatives of organic compounds having a preparative value are a, P-unsaturated
carbonyl compounds, among which benzylideneacetophenones (chalcones) occupy a notable place. Since
the discovery in 1896 of chalcones [1], the interest in the chemistry of its substituted and heterocyclic
analogs has not faded. The name "chalkone" was proposed by the Polish chemist Stanislav Kostanecki. It
comes from the Greek word "chalcos"(yalxog) that means "copper".

Chalcones 1,3-diphenyl-2-propen-1-ons (1) belong to the compounds in which two aromatic nuclei
are bound by three carbon atoms of the a, B-unsaturated carbonyl system [2]. Chalcones can have cis- and
trans-forms, but the trans-form is thermodynamically more stable.

0
F

1. Widespread natural chalcones

Chalcones are quite widespread in nature: they are found in flowers, fruits, seeds, and wood. They are
closely related to a number of substances that belong to the class of flavonoids: flavones, flavonones,
flavonols. Most of the representatives of the chalcones are found in all plant organs in the form of
aglycones and glycosides and differ in the number of substituents in the A ring. So, for example, butein
chalcone that is often found in the family of comatose chalcones, is in the form of Coreopsis giganiea 4-
glycoside; chalconoraine is in the form of 2-glycoside isosalipurposide in Salix purpyrea [3, 4]. By now
more than 200 different aglicones of the chalconic nature are known. Quite often dihydrochalcones are
found in plants, in which the three-carbon fragment has a reduced double bond. They are known
exclusively in glycosidized form, as well as methoxy- and pyrano-derivatives. So, some species of apple
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tree contain glycoside phloridzin (2'-glucoside, 4', 2', 4,6-tetraoxidyhydrochalcone) that causes intensive
release of glucose from the body in a person (phluoridinine diabetes), siboldin (3-hydroxyfloretin-4'-
glucoside), azepogenin in the form of azobothin 2'-glycoside [4]. It is believed that chalcones are
precursors of various groups of flavonoid compounds in biosynthesis.

Many bright colors of the plant world of our planet in spring, summer and autumn are caused by
compounds of one flavonoid class, i.e. chalcones. They are called "antichloropigments", they are yellow
pigments of flowers that turn orange in pairs of ammonia. In particular, discoloration of the contained
chalcones of the preparative forms is used in the field of pharmaceuticals, for example as a color-changing
oral care component that can be phenyl-3-methoxy-4-hydroxystyryl ketone and 3-(4'-hydroxy-3'-
methoxy)1-phenylprop-2-en-1-on [5]. Chalcones are relatively often found in one family: Compositae,
especially in Coreopsis and Dahlia. They are also found in some Leguminosae (Butia, Cylicodiscus,
Glycyrhiza, Plathymenia, Ulex) and in Dihymocarpus (Gesneriaceae). Table 1 lists some chalcones and
their derivatives isolated from natural raw materials.

Table 1- Chalconesandtheirderivativesisolatedfromnaturalsources

No Chalcones and their derivatives Natural sources Reference
1 2'-hydroxy-2,4,6-trimethoxychalcone Andrographis lincate [6]
(Acanthaceae)
2 2', 4'-dihydroxy-4-methoxydihydroalchalcone (davidigenin) Artemisia dracuiiculus L. [7]
(Asteraceae)
3 2 ', 4, 4-trihydroxy-3 '- [6-hydroxy-3,7-dimethyl-2 (E) -7-octadienyl] | Artocarpus nobilis [8; 9]
chalcone
4 2", 4, 6", 4-tetrahydroxychalcone (isosalipurpol); Arabidopsis thaliana [10; 11;
(Angiosperm) 12; 13]
5 2 & apos;, 4 & apos;, 4-trihydroxychalcone (iso-liquitytigenin) Asarum canadense [14]
(Aristolochiaceae)
6 chalcononanerenine 2'-O-B-D-glucoside-4'-O-p-gentobiose; 2 ', 4'-di- | Boesenbergia pandurata [15]
0-B-D-glucoside (Robx.)
7 2', 6'-dihydroxy-4'-methoxychalcone; Brassica alba (Cruciferae) [16]
8 2'-hydroxy-4,4'6'-trimethoxychalcone Caesalpinia pulcherrima L. [17]
9 4-hydroxy-2 ', 4'-dimethoxy dihydroqualone; isocyclitis Crinum bulbispermum bulbs. [18]
10 | 4,4'-bis-a-0-glucosyl-4,2 ', 4'-trihydroxy-6, -methoxychalcon | Derodendron phlomidis [19]
(aglycone) (Verbenaceae)
3- (3 T"-methyl-3" -hydroxybutyl) -2', 4,4'-trihydroxy-6'-
11 | methoxychalcone; 4'-O-glucuronyl-2,4-dihydroxy-6'-methoxy-3'- | Humulus lupulus L. [20; 21]
prenylalkalkone; 1 - [(2 ', 4'-dihydroxy-3'-isoprenyl-6'-methoxy) - | (Cannabaceae)
phenyl] - [3- (4-hydroxyphenyl)] - 2,3-epoxypropan-1-one; 4-acetoxy-
2 ', 4'-dihydroxin-6"-methoxy-3'-prenylalkalcon; 1 - [(2', 4'-dihydroxy-
3'-isoprenyl-6'-methoxy) -phenyl] - [3- (4-hydroxyphenyl)] - 2,3-
epoxypropan-1-one; 4-acetoxy-2',  4'-dihydroxin-6'-methoxy-3'-
prenylalchalcone
12 | 4, 6', 4-trihydroxy-5-methoxychalcone; 4 ', 6'-dihydroxy-4, 5- | Iryanthcra polyneura [22]
dimethoxychalcone (Myristicaceae)
13 | 2',4', 6'-trihydroxy-4-methoxydihydrochalcone; Iryanthcra virola [22]
(Myristicaceae)
14 | 2'-megoxy-4 ', 6', 4-trihydroxidehydrochalcone; Iryanthera sagotiana [22]
(Myristicaceae)
15 | 2', 4-dimethoxy-4', b'-dihydroxydihydrochalcone; Marchantia paleaceae [10]
16 | 2'-glucoside-4 ', 6'-dihydroxy-4-methoxy-dihydro-chalcone; 4 ', 6', 4- | Medicago sativa L. [10; 12]
trihydroxy-5-methoxydihydro-chalcone; 2', 4, S5-trimethoxy-4', 6'-
dihydroxydi-hydrohalcon; 4 ',  4-dimethoxy-6'-a-dihydroxydi-
hydrochalcone
17 | Bi-2', 4', 6'-trihydroxy-4-methoxydehydrochalcone Mellettia ferruginea [23]
(Fabaceae)
18 | 2',4', 6', 4-tetrahydroxychalcone (naringenin) Vitis vinifera (Angiosperm) [12; 24]

2. Methods of obtaining synthetic chalcones
Synthetic chalcones are of considerable interest for chemists and pharmacists, which is due to several
factors: the comparative simplicity of the chemical structure that allows synthesizing on their base a large
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variety of molecules with high pharmacological activity, as well as the possibility of using them as
valuable synthetic intermediates, for example, in the synthesis of various heterocyclic compounds. It
should be noted that o, B-unsaturated ketone groups are probably responsible for most of the observed
biological properties of chalcones, since these groups are present in all biologically active molecules, and
their removal is associated with losing activity [25]. Many authors attribute the presence of this fragment
to the different biological activity of the substituted chalcones: anti-inflammatory [26], antitubercular [27],
antioxidant, antiviral, antimicrobial, antifungal and many other activities [28, 29]. Substituted chalcones
are promising antitumor preparations [30, 31]. They also attract attention as preparations that have
selective activity against dermatophytes [32]. Substituted chalcones are of interest as components for solar
cells [33], ion-selective electrodes, molecular devices and photofunctional materials [34-38].

The most significant method of synthesizing chalcones is known [39] the croton condensation
involving formyl- and acetyl-containing compounds. According to the Claisen-Schmidt reaction, from 32
substituted acetophenones and 40 aromatic benzaldehydes there were obtained 1280 substituted chalcones
by combinatorial synthesis methods. The use of these chalcones in 9 condensation and cyclization
reactions led to producing 74,000 five- and six-membered cyclic compounds [40].

Y e Y
-H20 U

(0]

Ar!, Ar? = Ph, substituted phenyls, heterocycles

When studying the Claisen-Schmidt reaction using the UV spectroscopy method, it was found that the
interaction of substituted benzaldehydes with acetophenone is described by the second-order velocity
equation. In this connection the authors of [41] proposed two reaction mechanisms. The first one is
through removing acetophenone by the proton base from the methyl group (mechanism 1), the second one
is through attacking the ethylate anion on the carbon of the carbonyl group of the aldehyde (mechanism
ID). Using the thermodynamic parameters in the discussion of each stage of the proposed mechanisms, the
authors concluded that the mechanism II should be more profitable [41]:

Mechanisml
(0}
- > 1
Ar2 CH3 Ar2 CH2 H Ar
EtO~ + \”/ _— \”/ M
o0 -EtOH o) r!
-OH ||H
AI'\H/CH:;
S ar == B0
EtO + Arl === EtO Ar! :
H Ar? Ar!
-H,O0
(0]

Ar', Ar* = Ph, substituted phenyls, heterocycles
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But in some cases, with the use of substituted chalcones, this method is accompanied by side
oxidation-reduction processes leading to reducing the yield of the desired product. In literature a large
number of methods for synthesizing chalcones using homogeneous and heterogeneous catalysis
techniques have been described [42, 43], among which the catalysis with activated barium hydroxide [44],
hydrochloric acid formed in situ by interaction of SOC]l, in absolute EtOH [45], BF;-Et,0 [46], potassium
hydroxide deposited on KF-Al,O; in combination with ultrasonic irradiation, ionic liquids [47, 48]. There
are known works using microwave irradiation, using metal oxides, I,-Al,O3 without using solvents, which
reduced the reaction time from 3 hours to 80 seconds [49, 50]. These conditions allow getting rid of
unwanted reaction products [51], increasing the yield and shortening the reaction time to several minutes.

In addition to the Claisen-Schmidt reaction, alternative waysof synthesizing substituted chalcones are
described in literature, which make it possible to obtain them with high yields under mild conditions. In
some cases the methods allow avoiding undesirable redox processes or obtaining compounds not available
in the classical Claisen-Schmidt reaction. However, in this case, as a rule, expensive reagents are required,
the use of microwave or ultrasound exposure and inert atmosphere. Thus, for synthesizing chalcones 2,
there was used the Sonogashira coupling reaction under microwave conditions between the aryl halide and
substituted propargyl alcohol, which allowed producing the target products with high yields in a short time
[26]. It was shown that the reaction proceeded only in the presence of an electron-withdrawing group as a
substituent in the aromatic nucleus R;.

PACL(PPhs), R
H R] 2
R—Hal + HO-C—C=CH 1% Cul o, \
1 TGF, 120-150°C, , 0
MW 8-25 min

—N —N
R, = Ph, 4-CN-Ph, 4-EtO,C-Ph, 3-NH,Ph, >_ ,
el

R; = Ph, 2-tienyl, 3-tienyl, C;Hg

In [52] there are presented the data of the Heck coupling-carbonylation reaction involving aryl halide
and styrene or substituted vinyl in the presence of carbon monoxide using a palladium catalyst leading to
formation of chalcones 3. It is shown that the yields of the product 3 make 41-90%, depending on using
the ligand and a substituent in the aromatic ring of the chalcone.

Rl /
7/ \ Pd/Ligand 7~ N \ R,
Hal + H,C=C—R, +CO > \__
R H

R; = H, 4-CH;_ 2-t-Bu, 2-CH;_4-CF; 4-Br, 4-Cl, 4-CO,Me,
4-OCHj, 3,4-O-CH,-CH,-0, 4-OFt

R, = Ph, 4-t-BuPh, 3-CH;Ph, 4-CH;OPh, 4-CI1Ph, 4-FPh,
-C(0)-O-nBu, -O-nBu

The authors of Ref. [53] obtained chalcones 4 under mild conditions using several variants of the
Suzuki reaction: the first one using cinnamoyl chloride and phenylboronic acid, and the other with benzoyl
chloride and phenyl vinyl boric acid. Both reactions led to the desired product 4.
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R] = H, OCH3; Rz = H, NOZ, OCH3;
R3 = H, OCH3; R4 = H, CF3, NOZ, OCH3; RS = H, CF3

i): (PPh;),Pd(0), Cs,CO; toluol. Yield 40-50%
ii)): (PPh3),Pd(0), Cs,CO;, toluol.Yield 70-95%

Chalcones can also be obtained by the Knoevenagel condensing, i.e. interaction of aldehydes or
ketones with compounds having an active methylene component, for example, acetoacetic ether under
conditions of the basic catalysis [39]. This reaction with interaction of benzaldehyde with AAE leads to
the formation of chalcone 5.

0O O
/ 0
C + R \

N\
0)

o)

R
R = OAIk, Alk S

Despite a large amount of literature dealing with optimization of methods for synthesizing chalcones,
a lot of authors use an exclusively traditional method of synthesis, i.e. Claisen-Schmidt condensation
(mixing under basic conditions in ethanol within 3-48 hours) [31, 34-37, 54].

3. Reactivity of chalcones

Chalcones possess high reactivity. This is connected with the presence in their molecule of two
electrophilic centers:a carbonyl group and af-carbon atom of the conjugated double bond [1]. Chalcones
can react as ambiguous electrophiles as a result of delocalization of the electron density in the conjugate
system C = C-C = O. When interacting with the chalcone, the nucleophile attacks either the carbon atom
of the carbonyl group (1,2-addition) or the B-carbon atom (1,4-addition); the mechanism of the reactions is
shown in Diagram 1. The nature of these two electrophilic centers in chalcones is different, which is
reflected in the high regioselectivity of reactions with mono- and binucleophiles.
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Diagram 1
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Ar AN Ar AN Ar N ’
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The interaction of chalcones with piperazine usually leads to the formation of Michael bis-aza-
adducts. These reactions performed under various conditions, have been repeatedly described in literature
as an example of forming a carbon-nitrogen bond [55-57]. Thus, chalcones, both unsubstituted and
substituted, react with anhydrous piperazine in toluene giving the corresponding Michael bis-aza-adducts
[55]. Similarly there takes place a reaction in the mixture of cyclohexane ether (1:2) in the presence of
calcined potassium carbonate [56]. Under ultrasonic irradiation chalcones interact with piperazine in
water, also forming Michael bis-aza-adduct with a high yield [57].

Diagram 2.
z ZN
R | TR
AN X
0 —\
= HN NH N O
| X X [ j
R [k —~L»
Z Z N
| X A
R | SR
Z Z

R,=R=H; R;=H, R=3-NO,; R;=H, R=2-Cl; R=4-Cl, R=H; R;=H, R=4-Cl; R;=R=4-Cl;
R;=4-Br, R=H; R;=H, R=4-Me; R;=4-Me, R=H; R;=H, R=4-OMe; R;=R=4-Me;
R;=4-Me, R=4-OMe; C¢HsCH3.

The reactions of chalcones with ethylenediamine can proceed with forming Michael bis-aza-adducts
[56] or diazepines [58, 59]. Thus, the interaction of unsubstituted chalcones with ethylenediamine in low-
polar solvents occurs along the path of attaching to the f-atom of carbon and leads to Michael bis-aza-

adduct [56].
7 NH O
NH,CH,CH,NH,
K,CO; o
HN

Diagram 3
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However, the formation of Michael bis-aza-adducts is not the only way of the reaction proceeding. In
[58] the reaction of chalcone with ethylenediamine there was obtained tetrahydrodiazepine with the 59%
yield.

Diagram 4
o Me
N\
Me” NF NH,CH,CHNH [
K,CO; N
H

The mechanism of this reaction is not described in literature, but it can be assumed that it proceeds in
two stages: at first there is formed the Michael aza adduct, then there takes place its cyclization by
attacking the second amino-group on the carbon atom of the carbonyl group.

The interaction of chalcons with n-phenylenediamine leads to the formation of Schiff bases that can
then be used in synthesizing flavones. Synthesizing flavones and their derivatives attracts considerable
attention due to their high antioxidant [60-63], anxiolytic [64], antitumor [65] and anti-inflammatory [66,
67] activity. In [68] the synthesis of iminoflavones is reported by the oxidative cyclization of
chalconeimines. One of the stages of this synthesis is interaction of chalcons with substituted anilines, in
particular, n-phenylenediamine, and forming the corresponding imine with a high yield. The Schiff bases
that possess antibacterial activity were also obtained in [69] by the reaction of chalcones with n-
phenylenediamine in water-alcohol alkali.

Diagram5
NH,
i “f‘ :
N N HZN—Q—NHZ N P | N
Ri—r —R Ri—r ——R
T | _ > L G

R,=2-OH, 5-Br, R=4-OMe.
R,=R=H, R;=H, R=4-OMe; R,=2-OH, R=4-NMe,; R,=H, R=4-NMe,; R,=2-OH, 5-Cl, R=4-OMe;
R,=2-OH, 5-C1, R=H; R,=2-OH, 5-Cl, R=4-NMe,; R,=2-OH, 5-Me, R=4-NMe,.

It is known that o,B-unsaturated carbonyl compounds make it possible to synthesize practically any
three-, four-, five-, six-, seven-membered carbo- and heterocycles with various substituents [1]. Therefore,
chalcones are extremely popular as key intermediates in combinatorial chemistry [70]. The presence of
two electrophilic centers in chalcones upon interaction with binucleophiles leads to the formation of
heterocycles including annelated ones [1].

Among numerous reactions in which chalcones can participate, the interaction with binucleophilic
reagents that leads to a variety of carbo- and heterocyclic compounds, in particular to substituted
cyclohexanones and pyrimidines that also possess a wide spectrum of biological activity, is of particular
interest.

The interaction of a,B-unsaturated carbonyl compounds (aldehydes, ketones (chalcones), acids,
ethers) with nucleophiles leads to the formation of a new C-C or C-N bond. A new bond is formed
between the donor and the second or fourth carbon atom of the acceptor. The first type of reaction is a
simple addition via the carbonyl group, in the second case when the nucleophile is attached, the electron
pair moves from the donor carbon to the acceptor oxygen.
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HO, Nu
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The factors determining this process directionare charge interacting and orbital matching that are
closely related to the concepts of hardness and softness of acids and bases. The interaction of a hard acid
with hard bases is determined by the interaction of charges, while the reaction of a soft acid with a soft
base proceeds under orbital control [71]. The relative reactivity of carbanions in the reactions of 1,2- and
1,4-addition has been considered from the standpoint of perturbation theory of molecular orbitals. Within
the framework of this theory, taking into account the electronic structure of the fragment, the maximum
positive effective charge on carbonyl carbon, the maximum localization of HOMO is at the B-carbon
atom. The addition on the carbonyl group goes under the charge control, and 1,4-addition under the orbital
control. As a consequence, all other conditions being equal, the process of nucleophile addition via the
carbonyl group is favored by the charge localization at the nucleophilic center, the lowering of the HOMO
energy. On the contrary, increasing the degree of the charge delocalization, increasing the HOMO level of
the nucleophile promotes the flow of orbitally controlled 1,4-addition [1].

The balance between the two directions of reactions is so sensitive to various actions (solvent,
catalyst, temperature) that relatively small changes are sufficient to make one of the processes dominant.

Therefore, both the advantage and the disadvantage of this reaction is the different reactivity of the
nucleophilic centers, since the conditions depend not only on the structure of the reaction products, but
also on their yield and purity. The development of approaches to the production of various products
depending on the reaction conditions has attracted the attention of synthetics in recent years. Such
processes are called "selective switch reactions". They have become widespread recently, especially for
synthesizing biologically active compounds. The "switching" methods, in addition to the above-mentioned
ones (solvent, catalyst, temperature), can be microwave or ultrasonic effects [72, 73].

4. Biological activity of chalcone derivatives

Compounds with the chalconic fragment show different types of biological activity. For example,
they show significant activity against a variety of tumors and have chemoprotective properties. This can
be attributed to their antioxidant activity [74-77]. Other important properties of chalcones are the ability to
inhibit bacterial growth [78], as well as manifestation of antifungal and antiviral activity [79]. In addition,
they have the ability to strengthen capillaries and can be used as anti-inflammatory agents [80]. In addition
to these types of activity, they possess antimalarial [81-85], anti-cancer [86-88], larvicide [89],
immunomodulating [90], antihyperglycaemic, antituberculous [91], antiprotozoal and antimitotic activity
[92] and can be used as antibacterial [93, 94] and antifungal [95, 96] preparations. The inhibitory effect on
enzymes, especially on the alpha-amylase of mammals [97], cyclooxygenase (COG) [98], monoamine
oxidase (MAO) [99], leukotriene B [100], tyrosinase [101], aldose reductase [102], etc.

High biological activity manifested by the chalcones, promoted the development of studying the
interaction of these compounds with various biological targets. There are numerous experimental data of
the chalcone functions in plants, which make it possible to assert that many chalcones play an active
physiological role in the plant organism. They can be relatively easily oxidized or reduced and their

oxidation-reduction potential indicates that they take part in the metabolism. Some compounds of the
92
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chalcone structure perform a protective function [95], the functions of respiratory catalysts and are
involved in oxidation-reduction processes during respiration of plant cells.

The compounds with electron-donor substituents, for example, methoxy-, hydroxyl groups, show the
greatest antimicrobial activity [103]. Chalcones containing one or two chlorine or fluorine atoms exhibit
high antifungal and antimicrobial activity. Among the chalcones containing the oxathiolone fragment
[104] there have been found compounds showing cytotoxicity against human cancer cells, as well as
against Micrococcus luteus, Staphylococcus aureus, Micobacterium tuberculosis H Rv.

Interesting properties of chalcones also include initiation of apoptosis of cancer cells [105], inhibition
of their mitochondrial respiration. The authors of [106] noted that chalcones with a smaller number of
hydroxyl groups in rings A and B are more effective in this respect compared to chalcones containing
more hydroxyl groups. This difference in activity is explained by the acidity of the phenolic OH groups.
One of the widely known mechanisms according to which chalcones show cytotoxic activity is the
interaction of chalcones in the mitosis phase. N.H. Nam with co-authors [106] studied the activity of the
derivatives of 2', 5'-dihydroxychalcones and found that most chalcones exhibit cytotoxic activity against
various lines of tumor cells.

Dehydroxyderivatives of chalcones show antioxidant activity that depends on the compound structure
[107]. The mechanism of antioxidant activity of chalcones is discussed in [108]. When a chalcone
molecule interacts with a radical, a phenoxide radical is formed with the ortho- and para-dihydroxylated
systems of the benzene ring are systems with delocalized electrons, therefore the phenoxide radicals
formed in them are readily converted into stable seven-quinone radicals that are further converted into
quinones. Meta-dihydroxylated benzene ring system is less effective for electron delocalization, as a result
of which phenoxide radicals are unable to enter further transformations. It has been established that
chalcones with ortho- (i.e. 2', 3'- and 3', 4'-) and para- (i.e. 2', 5'-) substituents exhibit a very high
antioxidant activity (80-90 % in comparison with the control at the concentration of 50 uM), which is
comparable with the activity of ascorbic acid and a-tocopherol. On the other hand, chalcones with meta-
(i.e. 2', 4'- and 3', 5'-) substituents show rather sharp decrease in activity (25% vs. control) at the
concentration of 200 uM (IC, >200 uM). These data show that the position of the two hydroxyl groups in
the B nucleus is an important structural factor of their antiradical activity, while para-substituted
compounds show a higher activity than the ortho-substituted ones. The variation of the substituents in the
para-position in the A ring does not strongly affect the antiradical activity.This indicates that the
electronic effects of the para-substituent of the benzene ring do not affect the antiradical activity.

The potential antioxidant activity of some hydroxychalcones was evaluated owing to their ability to
inhibit 1,1-diphenyl-2-picrylhydrazyl radicals and free hydroxyl radicals [108]. For naringenin and
phloretin, antiproliferative activity against the breast cancer cell line (MCF-7) has not been detected. But
other chalcones (including 2'-hydroxychalcon) have shown antiproliferative activity at high concentrations
(10.50 uM), and at low concentrations (0.01-1 uM) they accelerated the cell growth.

For manifesting anti-inflammatory activity of chalcones o,f-unsaturated carbonyl functional group is
responsible. H.L. Yadav and co-workers [109] synthesized a series of five derivatives of chalcones and
investigated their anti-inflammatory activity in rats that modeled carrageenan hind paw edema. The
chalconic derivatives in the dose of 25 mg/kg fedorally, significantly inhibited the development of edema.
The results of studying the anti-inflammatory activity of chalcones are also given in Ref. [50]. Activated
macrophages play the key role in anti-inflammatory responses and releasing a variety of mediators,
including nitric oxide (NO) that is a potential vasodilator that facilitates leukocytes migration and edema
forming, as well as leukocyte activity and cytokine formation. The chalcones with substituents that
increase the electron density of the Bring, for example, MeO-, BuO-, Me N-groups, do not show
significant activity in inhibiting the NO production process [110].

S.J. Won et al. [111] showed that 2', 4-dihydroxychalcone, 2'-hydroxy-2-thienylchalcone, 2'-hydroxy-
3-thienylchalkone and 2', 5'-dihydroxyindol-3-yl-chalcone are potential anti-inflammatory agents.

Hyperglycemic activity of chalcones was studied in [112]. Non-insulin-dependent diabetes (Type 11
diabetes) is a chronic metabolic disease characterized by insulin resistance, hyperglycemia and
hyperinsulinemia. From Broussonetia papyrifera there have been isolated substituted chalcones that
selectively inhibit enzymes of protein tyrosine phosphatase (PTP1B) and aldose reductase. Their
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antioxidant properties allow considering them as hyperglycemic agents, because oxidative stress also
plays an important role in diabetics. 3,4-dimethoxy derivatives show a significant anti-hyperglycemic
effect, while monomethoxy derivatives show reduced activity.

Chlorine-containing chalcones show significant antiplasmodial activity, and chalcones with triazole,
pyrrole and benzotriazole rings possess antiparasitic activity. It has beens found that the chlorine-derived
chalcones with the morpholino ring possess the lowest activity. Compounds containing a triazole ring and
chlorine have the greatest antiplasmodial activity, confirming the fact that small lipophilic groups
containing one or more nitrogen atoms can increase antimalarial activity in vitro.

In vitro studies of the antiplasmoidal activity of substituted [(4-Cl, 4-MeO, 3,4,5-(MeO);] have shown
that small and medium-sized lipophilic groups containing nitrogen atoms or amine in the acetophenone
fragment are potential antimalarial agents. Such compounds can provide additional hydrogen bonding to
the histidine residue present in the active site of the cysteine proteinase enzyme.Antileishmanial
activity[113, 114]ischaracteristic of chalcones with a more hydrophilic character, that is, for HO-
derivatives of chalcones, as well as for chalcones with naphthalene and pyridine fragments in the A
nucleus. The inhibiting activity of tyrosinase of a number of chalcones with respect to melanin formation
reactions and their antioxidant potentials has been studied [115] .The position of OH groups in aromatic A
and B nuclei is very important, since hydroxylation over the B ring leads to a much higher ability to
inhibit tyrasinase than hydroxylation over the A ring.

5. Conclusion

Valuable pharmacological properties of natural chalcones possessing a wide spectrum of biological
action allow predicting and expanding the possibilities of developing new approaches to solving the
problem of increasing biological activity of this class. By changing the structure of the chalcone molecules
it is possible to increase the absolute indices of their activity in biological tests. Chalcones asa,[-
unsaturated ketones are of interest as starting materials for the production of unavailable derivatives of
other classes of compounds, which is due to the presence of two electrophilic centers: the carbon atom of
the carbonyl group and thef-carbon atom.
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ALKALOID-BEARING SPECIES OF THE GENUS ACONITUM L.

Abstract. Analytical review of alkaloid-bearing plants of the genus Aconitum L. has been carried out. The
obtained data will serve as a basis for scientific research of some plantspecies in the genus Aconitum L., isolation of
alkaloids including high purity aconitine tocreate a new drug substance.

By identifying specific habitats of species of this genus in the flora of Kazakhstan, it is established that most
herbarium materials have been collected in mountainous floristic regions of the flora of Kazakhstan, which justifies
the need to study samples of the genus Aconitum L. from the indicated floristic areas. The herbarium fund of the
InternationalResearch and Production Holding “Phytochemistry” JSC (KG) includes herbarium materials of 9
species of the genus Aconitum L., of which the most common species aredconitum leucostomum Worosch. and
Aconitum monticola Steinb.forming large thickets inthe nature.

Keywords: Aconitum L., alkaloids, chemical study, herbarium materials, cameral treatment.

Representatives of the genus Aconitum L.belong to one of the most valuable alkaloid-bearing plants
of the family Ranunculaceae,and area rich source of polyfunctional heterocyclic compounds - diterpene
alkaloids. Plants of the genus Aconitum L. are accessible and widely spread in Kazakhstan, CIS countries,
China and Central Asia;howeverthey differ in qualitative composition and contentdepending on the area of
their growth. The increased attention of researchers to diterpene alkaloids is due to the known complexity
of their structure resulting in a broad spectrum of pharmacological activity. Diterpene alkaloids have a
wide range of biological activities: anti-inflammatory, local anesthetic, antiarrhythmic, antispasmodic,
antitumor, and muscle relaxant, which allows them to be considered as a source of promising
pharmacological compounds.

The pharmacological study of plants of the genus Aconitum L. revealed that during the flowering
stage all the aerial parts - stalks, leaves, and flowers are very poisonous. Moreover, the most deadly are
rhizomes and tubers of the plant when the accumulation of alkaloidsoccurs. It has been determined that in
pips of thisplant speciesthe amount of alkaloids gradually increases during the whole vegetative period
and reaches its maximum in the autumn.

Aconitum species are of interest as medicinal plants because they have numerous isoprenoid
compounds as major secondary metabolites, i.e. tetracyclic diterpenoid alkaloids. The structure of
isoprenoids of the genus Acomitumis unusual since the lowest terpenoids (mono-C-10 and C-
15sesquiterpenes) are present only in small amountsin these plants, mainly in flowers, whereas all other
parts accumulate diterpenoid compounds of peculiar structural types.

Over 70% of modern homeopathic remedies are produced from medicinal plant materials. Plants of
the genus Aconitum L. are one of the most popular in homeopathy. Homeopathic Pharmacopoeias of the
leading countries of the world (Germany, France, the USA, and others) include aconite preparations
obtained from the following plant species: Aconitum napellus L., Aconitum ferox Wall., Aconitum
lycoctonum L.

According to the Flora of the USSR, there are over 300 Aconitum species all over the world, 70 of
which are in the territory of the former USSR. In turn, 14 species are found in the flora of Kazakhstan.
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They grow in the mountains on forest and subalpine meadows, among bushes [1-2]. N.G. Gemedzhiyeva
in her research [3-4] noted that all 14 species belong to alkaloid-bearing plants.

Scientists of a number of countries are conducting rigorous studies of plants of the genusAconitum L.
A great contribution to the study of plant species of the genus Aconitumhas been made by Uzbek
researchers S.Yu. Yunusov, M.S. Yunusov, V.A. Telnov, E.F. Akhmetova, I.A. Bessonova, as well as
foreign scientists H.Takayama, W.S.Pelletier, and otherswho determined the main composition of
alkaloids. They developed cost-effective and environmentally-friendly production technologies of the
Allapinin on the basis of lappaconitine 1 from the roots and rhizomes of Aconitum leucostomum Worosch.
andA4conitum septentrionale Koelle.; Antiaritmindrug 2 from the by-products of allapinin production,
cumulativeantiarrhythmic drugs Aklezin from the aerial parts of Aconitum leucostomum Worosch., and
Afksaritmin from the rhizomes ofAconitum septentrionale Koelle.. The production technology of the
Aconitine bioreactant substance 3has been developed from the tubers of Aconitum soongaricum Stapf.[5-
12].
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Thanks to the research of academicians-chemists S.Yu.Yunusov and M.S. Yunusov and academician-
cardiologist E.I. Chazov alkaloid lappaconitine has firmlytakenits place in a series of antiarrhythmic
agents in the form of Allapinindrug. It is indicated for supraventricular and ventricular extrasystoles,
paroxysmal forms of flickerand atrial flutter, tachycardia. Lappaconitineis worth mentioningbecauseit
happened to be susceptible to the synthetic transformations resultingin substances with the preserved
pharmacological activity butwithout major harmful side effects. It should be noted that the introduction of
a bromine atom into alappaconitine molecule leadto a compound witha 5 times lower toxicity and 10 times
higher activityas an antiarrhythmic drug. Lappaconitineis producedby two species Aconitum lycoctonum
L. and Aconitum septentrionale Koelle. According to the research of aprominent botanist N.I. Fedorov,
only in the territory of Bashkiria the available stock of the roots of Aconitum lycoctonum L. is sufficient to
meet the demands of the health care system of Russia.

Several Aconitum species, ofwhich the most promising producer is Acomnitum soongaricum
Stapf,contain aconitine. Due to the highest toxicity this alkaloid has not been applied in medicine.
However, experimental pharmacology could not have been conceived without it. Unlike other
antiarrhythmics whichinfluence only the calcium channels and cover both the calcium and sodium
channels of arrhythmia, aconitine is a selective sodium channel blocker. The studies of antiarrhythmic
drugs without aconitine are unreliable.

In 1820, Peschierwas the first who pointed out thataconitineis present in the leaves of Aconitum.
Geiger and Hesse isolated aconitine from the parts of Aconitum in 1838, and Morzon in 1839;while Plaita
in 1850 proposed a chemical formula for amorphous aconitine [13]. Aconitine is one of the major
alkaloids related to some of the extremely toxic ones, which are contained in someAconitum species [14].

Alkaloid songorined4has a more balanced structure interms of functionalization;it exhibits an effect on
the central nervous system. It is produced by Aconitum barbatum Pers.spread in Altai, which can be
cultivated.

— 100 ——
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Alkaloidsaconitine, mesaconitine, napelline, aconifine, 8-acetylexcelsinehave been isolatedduring the
chemical studies of Aconitum karakolicum Rapaics., Aconitum altaicum Steinb., and Aconitum kirinense
Nakai..Altaconitine and anovelalkaloid acofine5 have been isolated for the first time from Aconitum
karakolicum Rapaics. and Aconitum altaicum Steinb.. Aconitum soongaricum Stapf. and Aconitum
karakolicum Rapaics. species are closely relatedto each other morphologically [15-20].

Researchers isolated alkaloids talassamine, talatizamine, 14-O-acetyltalatizamine, isotalatizidine,
isoboldine, talatizidine, crystalline hydrochloride from Aconitum talassicum M. Pop. Extraction of
Aconitum talassicum M. Pop. was carried out with chloroform, with the raw material preliminarily
alkalinized withbicarbonatum natrium, then the extract wasacidified with sulfuric acid and the alkaloids
separated with chloroform. The sum of alkaloids was eluted with a chloroform-methanol (100:1) mixture
on a silica gel column followed by recrystallization with methanol [21-23].

Researchers of the Institute of Organic Chemistry of the UrB RAS (Ufa) isolated 6 previously known
alkaloids hypaconitine, mesaconitine, neoline and three aporphine alkaloids glaucine, N-
methyllaurotetanine, and isoboldine from Aconitum neosachalinense H.Lev.. The extraction was
performed with water in the presence of acetone followed byseparation on a column [24].

The Russian scientists [25] developed an isolation method for the diterpene alkaloids from Aconitum
kirinense Nakai. growing on the territory of Primorsky Krai. The alkaloids were separated by gas and high
performance liquid chromatography (GC and HPLC) methods with mass spectrometric detection of
separated peaks and fragmentation in atmospheric-pressure chemical ionization (APCI), atmospheric-
pressure ionization - electrospray(API-ES), and electron impact modes. Using liquid chromatography —
mass spectroscopy(LC-MS) with fragmentation in APCI and API-ES modes,the following 6 diterpene
alkaloids were identified in Aconitum kirinense Nakai.: 8-acetylexcelsine6, tugiaconitine7, akiramine8,
kirinine 9, lepeninel0.

During the study of callus formation ofAconitum barbatum Pers., theoptimal conditions for the cell
101
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culture of this plant were selected, callus culture viability was determined, the sum of alkaloids
wasobtained from the callus mass of intact plant raw materials, individual diterpene alkaloidswereisolated
and purified using a liquid column chromatography. It has been found that the tissue culture contains the
following alkaloids: songorine, songoramine, napelline, 12-epi-napelline N-oxide,and mesaconitine [26].

The Chinese scientists were the first to isolate C19-diterpene alkaloids habaenine C, vilmorrianine C,
classicauline C from Aconitum habaense W.T.Wang. [27].

Scientists from Georgia conducted a chemical study of underground organs ofAconitum orientale
Mill. and Aconitum nasutum Fisch. ex Reichenb. It was determined that both species Aconitum L. of the
flora of Georgia have alkaloids aconitine, lappaconitine, and karakoline. In Aconitum orientale Mill., there
are bases of ranaconitine, gigactonine, licoctonine, and in Aconitum nasutumFisch. ex Reichenb.
talitizamine, cammaconine, aconisine [28-29].

All Aconitumditerpene alkaloids are characterized by a high density of oxygen-containing functional
groups, but aconitine molecule is an unconditional record holder. It is likely that the highest saturation by
these groupsis the reason ofan extreme toxicity of aconitine.

Biosynthesis, pharmacological activity, and also the dynamics of accumulation of diterpene alkaloids
of some plant species of the genus Aconitumhave not been studied in full. Biogenetically, the aconine
bases are most likely derived from tetracyclic or pentacyclic diterpenes in which the nitrogen atom of
methylamine, ethylamine, or f-aminoethanol binds to C17 and C19 in the C19 diterpenoid skeleton, and to
C19 and C20 in the C20 diterpenoid skeleton to form a substituted piperidine ring.That is why the
aconitine-type compounds are considered as alkaloids sui generis, because their nitrogen is not derived
from an amino acidic metabolism. They are defined as pseudo-alkaloids. Little is known about how plants

synthesize these alkaloids, and almost nothing is known about how this biosynthesis is regulated.
OH
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Their biogenetic precursors are the diterpenoids of the ent-kauran and atisiran series. In both cases,
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during the biosynthesis an additional nitrogen-containing cycle is formed in such a way that the
heteroatom becomes a bridge between the C19 and C20 atoms. In this case, two structural subtypes, C20
and C19, which are designated by the number of carbon atoms of the cyclic skeleton, are distinguished. In
contrast, C20 alkaloids are derived from two carbon frameworks 11 and 12. In specific substances, these
carbon skeletons are usually framed by oxygen-containing substituents, as in veathinel3 and atizine 14,
giving the names to the corresponding subgroups of the C20 series. In both cases, there are frequent cases
of the formation of additional hetero- or carbocycles in addition to those already present in structures 13
and 14.

R =H, Me, Et

Additional cycles can arise by creating bonds between C20 and C7 atoms, as well as C20and C14
atoms. In the first case, a cyclic system is constructed like in the alkaloids napellinel5 and denudatinel6.
The second variant is realized in the hedagine molecule 17.In the structures of the latter type, it is possible
to form another cycle by binding the nitrogen atom to the C6 carbon as in getisine 18. All compounds with
the carbon-nitrogen skeleton are classified as the getisine group. In a small family of anopterin19, C20 and
C14 atoms are bound by carbon-carbon bondto the ent-kauran-type skeleton. Alcaloid delnudine20 also
belongs to the C20series. Its molecule is a result of the getisine precursor rearrangement.

18 19 20

The base of the structure of the diterpenoid alkaloids of the Cl19series is the rearranged carbon
skeleton of kauran 21, also calledaconane. Like in C20 compounds, a nitrogen bridge is formed between
the C17 and C19 atoms. By the name of the alkaloid lycoctonine22, a carbon-nitrogen skeletonin its base
is alsocalled lycoctonane. Within the C19alkaloid family, two main subgroups are distinguished. Having
the same carbon-nitrogen skeleton, they differ from each other by the substitution pattern at C6 and C7
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atoms. To the lycoctoninesubgroup are referred bases with a hydroxyl substituent at the C7 position and a
B-methoxy one at the C6 atom. The presence of an a-glycol moiety is also characteristic for this subgroup
of substances. Aconitine is a representative of the other subgroup of C19 alkaloids bearing its name. There
are no substituents at the C7 atom, and amethoxy group at the C6 atom has an a-orientation.

OMe

mpiioOMe

OH

21 22

The group of C19 diterpenoid alkaloids is quite numerous. By 1987, 175 natural representatives of
this group had been known. Over 150 of themwere isolated from plants of the genera Aconitum L. and
Delphinium L.

C19 and C20 diterpenoid bases in their majority are highly poisonous substances. Thus, LD 50 of
aconitine is only 0.22 mg/kg. Due to this fact, Aconitums and Delphiniumsare among the deadliest plantsof
the middle latitudes. The toxic effect of their nitrogen metabolites is realized in a disruption of the nervous
system activityand a heart function. In small doses, many of these substances exhibit anti-inflammatory,
analgesic, antiarrhythmic, anti-epileptic properties. Moreover, different alkaloids have their own spectrum
of physiological effects. For instance, aconitine is astrong analgesic agent, whilelycoctonine is completely
deprived of this action. The practical application of diterpenoid alkaloids as drugs is restricted due to
thepoisoning hazard in case of an overdose. Despite this fact, Al/lapinin (lappaconitine hydrobromide) is
produced in Russia and is known as one of the best antiarrhythmic drugs.

For a number of years, JSC International Research and Production Holding "Phytochemistry" have
been working on isolation and study of alkaloids from plant species of the genus Aconitum L. A general
production technology of alkaloids from plant raw materialshas been developedusing conventional
extraction techniques and a column chromatography. The isolation methodsare specificfor each alkaloid
and have their own peculiarities, which makes it possible to obtain alkaloids with 95-99.9% purity
according tothe HPLC analysis results [30, 31].

During the chemical study of roots of Aconitum monticola Steinb. we have isolated and identified
alkaloids songorine 4 (yield 0.1%), the accompanying alkaloid songoramine 22, monticamine 23,
delcosine 24. Delcosine has been isolated from Aconitum monticolafor the first time. The chemical
composition of Aconitum leucostomum Worosch.has been studied and four main compounds have been
isolated, they are as follows:mesaconitine 25, lappaconidine 26, sepaconitine 27, lappaconitinel. X-ray
diffraction analysis has been carried out for the first time to determine the spatial structure of a
lappaconitine molecule [32-34].

OMe

16
OH 17 sl e

15]
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The optimal conditions for separation and analysis of alkaloids songorine, lappaconitine, and
associated components have been determined by HPLC. Themethod of quantitative analysis of the
investigated compounds has been developed for the plants ofAconitum soongaricum Stapf., Aconitum
anthoroideum DC.,and Aconitum villosum Reichenb., growing on the territory ofKazakhstan. The content
of alkaloids in plants under study varies according to HPLC data, i.e.songorine from 0.01% to 0.23%,
lappaconitine from 0.01% to 0.04% of the air-dry raw materials [35].

Phytochemical screening of the harvestedwild samples from the genus Aconitum L., allowed us to
establish the pronounced antibacterial activity of the cumulative extract fromAconitum anthoroideum DC.,
an analgesic activity of the cumulativeextract fromAconitum leucostomum Worosch. and Aconitum
villosum Reichenb., and a cytotoxic activity of extracts fromAconitum monticola Steinb., Aconitum
anthoroideum DC., Aconitum leucostomum Worosch., and Aconitum villosum Reichenb. Fl. Alt. The
expressed antiviral activity of lappaconitine and the sum of alkaloids fromAconitum monticola Steinb. and
Aconitum anthorahave been determined for the first time against the carnivore plague virus and infectious
rhinotracheitis, which makes them promisingingredients for the development of a new drug [36].

It has been revealed that the main components of Aconitummonticola Steinb. are songorinedand
songoramine 22;Aconitum soongaricum Stapf. - aconitine 3 anddelcosine24;Aconitum leucostomum
Worosch. - lappaconitine 1.

In the herbarium fund of JSC International Research and Production Holding"Phytochemistry",there
are collections of 9 species from the genus Aconitum, the most common of which are Aconitum
leucostomum Worosch. and Aconitum monticola Steinb.forming large thickets in the wild.

We have conducted a cameral treatment of herbarium materials of Aconitum species in the herbarium
fund of JSC IRPH «Phytochemistry» (KG) to identify the specific habitats of plants from this genus in the
flora of Kazakhstan.

Aconitum monticola Steinb. in F1. URSS. 7 (1937) 730, 209. - Gamajun. in Fl. Kazakh. 4 (1961) 52,
tab. 6, fig. 1. - Vorosch. in Bull. Main bot. garden, 72 (1969) 37. - A. pallidum auct. non Rchb .: Kar. et
Kir. in Bull. Soc. Nat. Mosc. 15 (1842) 138. - A. lycoctonum auct. non L.:O. et B. Fedtsch. in Tr. Society
nat. Kazan. Univ. 33, 3 (1899) 79, quoad var. pallidum. - O. et B. Fedtsch. Consp. Fl. Turk. 1 (1906) 22,
quoad var. pallidum. Type in Leningrad.

Herbarium collections: East Kazakhstan region, the Koksuridge, a forest meadow. 14.VII1.2014;
Almaty region, Zhungarsky Alatau, in the vicinity of Lepsinsk village, the lower part of the ravine
Rusachka. 10. VII.2000.

Aconitum leucostomum Worosch. Bull. Main. bot. garden, 11 (1952) 62. - A. excelsum p. p. non
Rchb. FI. USSR, VII (1937) 201; Kryl. F1. West. Sib. V (1931) 1151. - A. vulparia C.A. Mey. ex Ldb. FI.
Alt. IT (1830) 287, non Rchb. Type in Vienna.

Herbarium collections: Karaganda region, the Karkaraly mountains, in the vicinity of Lake
Pashennoe, in the floodplain by the stream. 16.VI.1976 (KG); East Kazakhstan region, in the
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neighborhood of Leninogorsk, Ivanovsky ridge, larch planting site. 21.VIL.1976 (KG); Karaganda region,
Karkaralinsk district, the surroundings of Shaitan-kul lake, the shore by the stream. 7.VII. 1984 (KG); East
Kazakhstan region, in the vicinity of Leninogorsk, the linear albumen of the field pit, the sole of the
mountain 23.VIIIL. 1985 (KG); East Kazakhstan region, the road Ust-Kamen - Leninogorsk, in the vicinity
of Bystruha village, the slopes of the mountains. 23.VIII.1985 (KG); Semipalatinsk region, near the
village Alekseevka, the Tarbagatai mountains. 10.VI.1994 (KG); Almaty region, Aksai gorge of
Zailiysky Alatau 2200 m, along the Aksay river, 12.VIL.2000 (KG); East Kazakhstan region, Listvyaga
ridge, the Upper Katun district,herb meadowsat foothills, 2100 m abovesea level. 26.VI1.2004 (KG); East
Kazakhstan area, Western Altai, Ivanovsky ridge, thinned larch-cedar forest. H=1800 m. 11. VIII.1997
(KUZ); Kazakhstan, East Kazakhstan region, Western Altai, Ivanovskiy range. Fir-birch forest. H=1700
m. 08.VIL.1997 (KUZ); East Kazakhstan region, Western Altai, [vanovsky range, a temporary watercourse
side. A high-grass alpine meadow. H=1900 m. 11.VIII.1997 (KUZ); East Kazakhstan region, Western
Altai, Ivanovsky range, 4 km north-east. peaksof Vysheyvanovsky Belok. Alpine meadow. H=1900 m.
08.VIL.1997 (KUZ); East Kazakhstan region, Western Altai, Ivanovsky ringe, a temporary watercourse
side. A high-grass alpine meadow. H=1900 m. 27.VII.1997 (KUZ).

Aconitum septentrionale Koelle. 1786, Spicil. Observ. Acon. : 22; Friesen, 1993, Fl. Sib. 6..: 138.

Herbarium collections: Kazakhstan, Pavlodar region, Bayanaul mountains, glades at the foothills.
08.VII1.2006. (KUZ).

Aconitum anthoroideum DC. in Syst. nat. 1 (1818) 366. - Gamagun. in Fl. Kazakh. 4 (1961) 53, tab.
7, fig. 3. - Vorosch. in Bull. Main Bot. garden of the Academy of Sciences of the USSR. 72 (1969) 37. A.
Anthora var. anthoroideum Rgl. in Ind. Sem. Hort. Petropol. (1861) 41. - Kryl. Fl. Sib. Occid. 5 (1931)
1147. - A. anthora auct. non L .: O. et B. Fedtsch. in Tr. Society Nat. Kazan. Univ. 33, 3 (1899) 79. - O. et
B. Fedtsch. Consp. FI. Turk. 1 (1906) 22. - Steinb. in F1. URSS.7 (1937) 190, quoad pl. ex Dshung. et
Tarb. Type in London.

Herbarium collections: East Kazakhstan region, in the vicinity of Leninogorsk down the road to
Bogdanicha. 06. VIII.1963 (KG); East Kazakhstan region, Alpine meadows near the Topolovka river
(near Katun village) 28. VII.2004 (KG); East Kazakhstan region, in the vicinity of Zavodinka village.
01.VIIL.2012 (KG); East Kazakhstan region, Western Altai, Ivanovsky ridge, eastern foothills ofthe
peaksVysheyvanovsky Belok. Moraine. H=2000 m. 26.VII.1997. VII (KUZ); East Kazakhstan region,
Western Altai, Ivanovsky ridge, northern spurs of Vysheyvanovsky Belok peak, tundra. H=2100 m.
22.VII.1997 (KUZ).

Aconitum soongaricum Stapf. in Ann. Bot. Gard. (Calcutta) 10 (1905) 141. - Steinb. in FL. URSS.7
(1937) 232. - Gamagun. in Fl. Kazakh. 4 (1961) 54, tab. 7, fig. 6, excl. pl. e Alat. Transil. - Gamajun in
Vorosch. in Bull. Main Bot. garden, 72 (1969) 39, pro max. p. (excl. plantis floribus et pedunculis appressi
pubescentibus). A. alatavicum Vorosch. in. Bot. Journ. 30, 3 (1945) 137, fig 11, b; fig. 12, a. - Vorosch. in
Bull. Main Bot. garden, 72 (1969) 38. - A. Napellus auct. non L .: Trautv. in Bull. Soc. Nat. Mosc. 33, 1
(1860) 83 (incl. formae 1,2,3). - O. et B. Fedtsch. in Tr. Society Nat. Kazan. Univ. 33, 3 (1899) 80, quoad
pl. e Tarb. Alat. Dshung., p.p. et Tian-Schan, p.p. - O. et B. Fedtsch. Consp. Fl. Turk. 1 (1906) 23, quoad
pl. e Tarb., Alat. Dshung., p.p. et Tian-Schan, p.p. et e excl. syn. - A. karakolicum auct. non Rapcs .:
Vorosch. in Bull. Main Bot. garden 72 (1969) 39 pro min. p. (quoad plantas floribus et pedunculus
patenter pilosis). Cotype in Leningrad.

Herbarium collections: Almaty region, Zailiysky Alatau, Kaskelen gorge, 1955m. above sea level N=
43°00'38.8" E = 076 °37'21,8". 8.X.2017 (KG); Almaty region, Zailiysky Alatau, Aksai gorge, along the
Aksai river. 1800-2000 m. above sea level. A herbal and shrubs community. 12. VI1.2000 (KG); Almaty
region, Zhungarsky Alatau, the gorge Uigentas. 2200m. above sea level. 26.VIIL.2014 (KG); Kazakhstan,
Almaty region, Alakol district, Zhongar-Alatau State National Natural Park (SNNP), the upper reaches of
the river Sarymsakty, the subalpine zone. 45 © 24.229'NL, 80 ° 49.662'EL, A=2226. 24.VII1.2014 ;
Kazakhstan, Almaty region, Alakol district, Zhongar-Alatau SNNP, the upper reaches of the river
Sarymsakty, moraine lakes, alpine meadow. 45 © 21.175'NL, 80 © 48.442'EL, A=2600. 25.VII1.2014.
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Aconitum villosum Reichenb. F1. Alt. II, 282; Ldb. Fl. Ross. I, 68. - A. ciliare B. polytrichum DC.
Syst. I (1818) 378.-A. flaccidum Rchb. Uebers. (1819) 39 nom nud. - Fl. USSR, VII (1937) 213. - A.
volubile var. villosum Rgl. Ind. Sem. Horti Bot. Petropol (1861) 43; Kryl. F1. West. Sib. V (1931) 1150.
Type in Vienna.

Herbarium collections: East Kazakhstan region, Listvyagaridge, 15 km down the village Kegi, a
shrubby herbal forest edge. 02.08.2004.

Aconitum altaicum Steinb. F1. USSR, VII (1937) 731, 222. - A. napellus var. alpinum Rgl. Ind. Sem.
Hort. Bot. Petropol. (1861) 45 p.p .; Kryl. F1. West. Sib. V (1931) 1149. Type in Leningrad.

Herbarium collections: East Kazakhstan region,Narymsky ridge, in the neighborhood of village
Novoberezovka, vally of theriver Terekty. 1120 m. above sea level. 26.VIII.1976 (KG); East Kazakhstan
region, in the vicinity of Leninogorsk. 09.1X.1982 (KG).

Aconitum volubile Pall. ex Koelle, Spicil. Acon. (1788) 21; Fl. USSR, VII (1937) 213; Kryl. FL
West. Sib. V (1931) 1150. Type in London. - A. tortuosum Willd. Enum. Hort. Berol. (1809) 576.

Herbarium collections: East Kazakhstan region, branch of the state farm Ulanovskiy, natural
boundary Katre.27.VIII.1985 (KG); East Kazakhstan region, Ridder,in the neighborhood of the village
Kedrovka. 05.VII.2012 (KG); East Kazakhstan region, Western Altai, northern foothills of Ivanovsky
ridge, stow Gray Meadow, floodplain of the river White Uba. H=1200 m. 14.VII1.1997 (KUZ).

Aconitum barbatum Pers. Syn. PLII (1807) 83; F1. USSR, VII (1937) 204; Kryl. F1. West. Sib. V
(1931) 1153 - A. sibiricum Poir. Encycl. meth. Suppl. I (1810) 113-A. hispidum DC. Syst. Nat. I (1818)
367. - A. Gmelini Rchb. Uebers. Gatt. Aconitum (1819) 63. - A. ochranthum C. A. M. in Ldb. FL. Alt. II
(1830) 285. - A. lycoctonum var. barbatum Rgl. Bull. Soc. Nat. Mosc. XXXVI, 3 (1861) 77. Type in
London.

Herbarium collections: Semipalatinsk region, the neighborhood of the village Yuzhny, the southern
slope of the hill. 08. VII.1994 (KG).

Thus, based on the results of cameral treatment of herbarium materials in the herbarium fund of JSC
IRPH “Phytochemistry” (KG), ithas been established that most herbarium collectionswereharvested in
mountainous floristic regions of the flora of Kazakhstan, which highlights the need to study samples from
the genus Aconitumin these floristic areas. The herbarium fund contains herbarium materials of 9 species
of the genus Aconitum, of which the most common are Aconitum leucostomum Worosch. and Aconitum
monticola Steinb. forming large thickets in the nature.

The conducted analytical review will serve as a ground for phytochemical studies of plants of the
genus Aconitum. In the course offuture research,we plan to extract alkaloids from some plants of the genus
Aconitum and carry out chemical transformations of these alkaloids to obtain new substances with the
improved physico-chemical properties, a more pronounced biological activity, a lower toxicity, and a
prolonged action as compared to the original natural analogues. The promising sources for production of
biologically active alkaloids, including aconitine, aredconitum soongaricum Stapf., Aconitum monticola
Steinb., and Aconitum leucostomum Worosch., growing in the territory of Kazakhstan.
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IL.K. "Kanbimxanosa, E.M. Faoayaimn, A.JK. Typmyxambero, C.M. OnekeHoB

«DUTOXMMIST» XaIBIKAPAIBIK FRUIBIMU-0HIIpicTik Xonauari» AK, Kaparangs! ., 100009, M. Fazamues ker., 4,
tei./dakc: 8(7212)433127, e-mail: phyto pio@mail.ru

ACONITUM L. TYBICTAC OCIMAIKTEPAIH AJTKAJTIOUATHI TYPJIEPI

AnHoranusi. Aconitum L. TypIcTac OCIMIIKTEPiH ANKaJOUATHI TYPJIEPIHE Talgamalibl MOy >KYPri3iuiii.
Anpiaran aepektep Aconitum L. TybicTac eCIMIIKTEpAiH Oipkatap TypsepiH FhUIBIMH 3€pTTEy, COHJal-aK *KaHa
JIOpUIIK 3aT jKacayFra apHaJIFaH ajIKaJIOWATApbl, COHBIH 1IIiHJE TAa3aJIBIFBI )KOFApbl aKOHUTHH]II 06l alry YIIiH HeTi3
Oonaisl.

Atanran eciMaik Typnepinig Kazakcran iopachiHIarsl HAKTHI ©Cy OpBIHAAPHIH aHBIKTaY OOWBIHINA KETIEeIor
MaTepuangapeHeIH OackiM Oeiiri Kaszakcran ¢mopachHBIH Tayibl (IopaiblK aynaHAapblHAA KAHAIFAHBI OenTiii
6onner. byt aTanran ¢uopaislk aygasnapaarsl Aconitum L. TyblcTac ©CIMAIKTEPAIH YATUIEPIH 3epTTEY KaKETTLUTITH
kepcereni. «DPUTOXUMUSI) XalBIKApaANbIK FHUIBIMUA-OHAIpicTIK Xommuari»y AK-ma (KG) Aconitum L. tywicTac 9
OCIMIIIK TYPIHIH KEMIIEIIon MaTepruaiaapsl 6ap, OJapablH IIIiHIe TAOUFATTA YIKEH TOFalIapabl KYPaWTeiH Aconitum
leucostomum Worosch. xone Aconitum monticola Steinb. eciMIiK Typyiepi HEFYPIIBbIM KU1 Ke3AeCe .

Tyiiin ce3nep: Aconitum L., ankanouarap, XUMHUSUIBIK 3€pPTTEY, KEMIEIION MaTepuaiapbl, KAMEPabIK OHJIEY.

YK 547.94 : 582.67 : 582.31/9 (574.3)
IL.K. ‘KanbimxanoBa, E.M. I'adaynnun, A.K. Typmyxamoberos, C.M. AnexeHoB

AO «MexayHapOIHBIA HAYYHO-TIPON3BOICTBEHHBIN X0nauHr «dutoxumusi», T. Kaparanma, 100009,
yi. M. T'azanuesa, 4, ten./dakc: 8(7212)433127, e-mail: phyto_pio@mail.ru

AJIKAJIONWJOHOCHBIE BUJbI POJA ACONITUM L.

Annortanus. [TpoBeieH aHATUTHYESCKHI 0030p aKAIOUIOHOCHBIX pacTeHuit pomaa Aconitum L. Tloiay4eHubie
JIaHHBIE TIOCTY>KaT OCHOBOW /il HAy4YHBIX HCCJIEIOBAaHMI HEKOTOpPBIX BHUAOB pacTeHud poma Acomitum L.,
BBIZACJICHUIO aJIKaJIOMZ0B, B TOM YHCJIC aKOHHWTHHA BBICOKOH YHCTOTBI IJId co3aaHusA HOBOT'O JICKAPCTBCHHOT'O
BEILIECTBA.

[To BBISBIEHHMIO KOHKPETHBIX MECT NMPOM3PACTaHUs BUAOB JaHHOTO pona Bo ¢uiope Kaszaxcrana, ycTaHoBJI€HO,
9TO0 OOJBIIMHCTBO repOapHBIX MaTEpPUANIOB COOpaHBI B TOPHBIX (hiIopucTHUECKUX padioHax (opbl Kasaxcrana, 9To
CBUJICTENBCTBYET O HEOOXOOMMOCTH HU3ydeHHs oOpa3moB pona Aconitum L. W3 yKa3aHHBIX (PIOPHCTHYECKHAX
paiionax. B rep6apHoM orme AO «MexIyHapOAHBIH HAyYHO-TPOU3BOACTBEHHBIN XounuHr «Dutoxmmusn» (KG)
nMmeercsi repbapHple Marepuansl 9 BUIOB poma Aconitum L., W3 HHX Hamboiee 4acTO BCTPEUAIOTCS BHIBI PoJa
Aconitum leucostomum Worosch. u Aconitum monticola Steinb., oOpa3zyroiiue 0oJbIIie 3apOCiIn B IPUPOJIE.

KioueBble cinoBa: Aconitum L., ankaaouapl, XUMHYECKOe H3ydeHHE, repOapHbIe MaTepHanbl, KaMepanabHas
00paboTka.
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RESULTS OF GEOCHEMICAL INVESTIGATIONS
OF THE NORTH-EASTERN PART OF CASPIAN (OIL PRODUCTS
IN THE DONAL DEPOSITS IN THE URAL RIVER)

Abstract. This article examines the results of geochemical studies of the north-eastern part of the Caspian Sea
and the determination of petroleum products in bottom sediments in the Ural rivers. The analysis of the
concentrations of oil products, organ chlorine pesticides, polychlorinated biphenyls, synthetic surfactants and
phenols in the landfill is given. The region of the Northern Caspian adjacent to the Kazakhstan coast was chosen as
the study area. The area under investigation is characterized by a gentle slope of the bottom and a slow increase in
depth. The soils here are mostly muddy and silt or sandy.

Seasonal fluctuations in the level of the Caspian Sea do not exceed a few dm. Northeast coast of the Caspian
Sea is characterized by high surges.

The site of the research is unique both in geochemical and hydro-hydro chemical regimes, and in hydro
biological characteristics. Complex studies of the main geochemical, hydrological and hydro chemical characteristics
at stations located at the surface and bottom of the sea were carried out. Observation of bottom sediments of the
Eastern part of the Northern Caspian was carried out in the autumn and spring period, and it was revealed that the
concentration of oil products in the bottom sediments in the fall period decreases compared to the summer period. In
general, based on the results of the conducted studies, a preliminary conclusion can be drawn that the natural self-
cleaning potential of the North Caspian is in a state of some kind of dynamic equilibrium with modern anthropogenic
loads.

Key words: oil products, organ chlorine pesticides, polychlorinated biphenyls, phenol, concentration.

Introduction. Granulometric composition of bottom sediments. Bottom sediments in the study area
are sufficiently monotonous and are represented by shells, sands, aleurites, rarely aleuropelites and their
combinations. The formation of bottom sediments is dominated by processes of biogenic accumulation,
terrigenous demolition and chemogenic precipitation. [1]

The biogenic component of the sediments under study, is mainly included in fractions> 0.25 mm.
Fraction> 1 mm is represented mainly by whole shells of lamellarbranch and gastropod mollusks and their
fragments. Fraction 1.0 - 0.1mm is composed of fragments of shells of mollusks and foraminifera. Shells
of mollusks consist mainly of calcite with the presence of aragonite and dolomite. Biogenic formations
have a predominant development. Shell and sand are different in their composition. Under the influence of
waves, the shell often forms on the bottom of linear and patchy-banded clusters a few meters wide.

The sands are represented by coarse, medium and fine-grained differences (fractions 1-0.25, 0.25-0.1
mm predominate). In composition, these are mainly detrital formations with a small admixture of
terrigenous minerals. Sands are usually present as a filler and do not form isolated fields.

Methods of research. Three well-known elements of the triangle of knowledge - education, scientific
research, innovation - are often underestimated for the development of a successful economy. In addition,
the combination and synchronization of these three different industries form the basis for economic
success.
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The discussion of the results. The terrigenous component of precipitation is concentrated mainly in
silts (fraction 0.1-0.05 mm). It is represented by quartz, feldspar, fragments of rocks, secondary, accessory
and ore minerals. Terrigenous deposits have a significant development within the Kashagan range. The
most common mineral is quartz. [2]

Aleuro-pelitic fraction (<0.05 mm) is present as an impurity and does not form independent
differences. The maximum values are confined to the north-eastern and north-western parts of the
polygon. The third constituent of bottom sediments are chemogenic oolites, which are extremely rare at
the landfill stations. [3]

Considering the lithological composition of the bottom sediments, it should be noted that
representatives of all the listed genetic types have been found almost everywhere. This is also evidenced
by the basic statistical characteristics (Table 1).

Table 1 - The main statistical characteristics of the content of granulometric fractions (%) of bottom sediments

Fractions Amount Maximum Medium Minimum

25 31,14 7,98 0,46
Fractions 10-5 mm 25 38,27 6,87 0,40
Fractions 5-2 mm 25 43,79 17,20 1,62
Fractions 2-1 mm 25 35,02 7,45 0,37
Fractions 1-0.5 mm 25 33,90 10,48 0,61
Fractions 0,5-0,25 mm 25 28,11 5,90 0,62
Fractions 0,25-0,1 mm 25 85,49 28,46 1,28
Fractions 0,1-0,05 mm 25 43,71 8,72 0,41
Fractions <0.05 mm 25 25,06 6,94 0,01

Petroleum products in bottom sediments

Studies have shown that the ability of bottom sediments to adsorb oil within each of the granulometric
types, in turn, is also due to their dispersity in the density and cohesion of the particles. Thus, according to
the data obtained (Table 2), a noticeable

the relationship between the granulometric composition of bottom sediments and the content of
hydrocarbons sorbed on them. [4]

The content of oil in bottom sediments decreases from clayey silts to loamy and sandy loam and from
dusty sands to large silt. At the same time, an increase in the content of hydrocarbons in bottom sediments
is combined with a decrease in their relative density and an increase in dispersion, despite the considerable
porosity and looseness that is common to the sediments studied. The reason for the increased
concentrations in finely dispersed bottom sediments is undoubtedly the fact that they have a large sorption
surface and, consequently, the ability to retain sorbed substances. [5-7]

However, in the case of a disturbed structure of bottom sediments or other effects, the sorption values
of each of the granulometric types can vary significantly under the influence of hydrometeorological
factors (wave, flow), dredging and hydrotechnical work, which was repeatedly observed in natural
conditions.

Table 2 - The content of hydrocarbons in various types of bottom sediments

Type of sediment Number of definitions [Average hydrocarbon content, mg /|  The limit of hydrocarbon
g dry ground fluctuations, mg / g dry ground

11 clayey 7 6,6 1,0-17,1
Il loam 4 1,5 0,5-2,0
11 sandy loam 17 0,9 0,3-2,2
The sand is large 2 0,2 0,1-0,2
Sand Medium 2 0,7 0,1-0,7
Sand fine 1 2,2 -

Sand silty 2 6,4 3,8-8,9
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Elevated levels of oil products in the bottom sediments of the Kashagan structure are observed in the
southeastern part of the test site, which may indicate either anthropogenic contamination of the soil or the
inflow from deep horizons. To more accurately determine the nature of the appearance of a high
concentration of petroleum products in bottom sediments, additional research is needed at this site. [8]

Phenols in the bottom sediments of the landfill. The content of phenols in the bottom sediments on the
Kashagan structure, in most cases does not exceed the detection limit of 0.05 mg / kg. The main statistical
characteristics are presented in Table 3.

Table 3 - Basic statistical characteristics of the content of petroleum products and phenols (mg / kg) in bottom sediments

Parameter Maximum Medium Minimum
Petroleum products 10,30 5,20 0,90
Phenols 0,34 <0,05 <0,02

Organochlorine pesticides in sediments

The contents of organochlorine pesticides in April 2003 were in almost all cases below detection

limits, except for a-HCH and y-HCH. The main statistical characteristics are presented in Table 4

Table 4 - Basic statistical characteristics of the content of organochlorine pesticides (g / g) in bottom sediments

Parametr Maximum Medium Minimum
o- HCH 0,0009 0,0004 0,0002
v- HCH 0,0040 0,0012 0,0002
Heptachlor <0,0005 <0,0005 <0,0005
4,4- DDE <0,0005 <0,0005 <0,0005
4,4- DDD 0,0030 <0,0005 <0,0005
4,4DDT 0,0030 <0,002 <0,002

Polychlorinated biphenyls (PCBs) in bottom sediments

No connection forms independent fields, so a total value was used to characterize the area.

Elevated levels of PCBs in bottom sediments are found in the southeastern and central parts of the
landfill. These anomalies can be explained either by technogenic pollution of the soil, or by the inflow of
PCBs from deep horizons. [9]

A feature of polychlorinated biphenyls (PCBs) is their high chemical stability. The initial quantities of
these substances entering the environment can be retained for a long time, circulating and spreading in the
ecosystem.

Synthetic surfactants (SAB) in bottom sediments. Elevated concentrations of synthetic surfactants
(SAWS) in bottom sediments on the Kashagan structure are observed in the northern part of the structure.
The main statistical characteristics are presented in Table 5. [10-12]

Table 5 - The main statistical characteristics of the content of surfactants and PCBs (mg / g) in bottom sediments

Parametr Amount Maximum Medium Minimum
SPAC 25 44,00 <11,34 <0,1
PCBs 25 11,170 <2,046 <0,1

Analysis of concentrations of petroleum products, organochlorine pesticides, polychlorinated
biphenyls, synthetic surfactants and phenols in the sediments of the landfill shows that soils on the
investigated area can be classified as pure.

Conclusions. In general, based on the results of the conducted studies, a preliminary conclusion can
be drawn that the natural self-cleaning potential of the North Caspian is in a state of some kind of dynamic
equilibrium with modern anthropogenic loads. However, this balance can be violated under the influence
of intensive expansion of economic activity both, first of all, on the water area of the Caspian Sea and on
its coast.
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J. K. KanumanoBa, A.JI.Kanumykamesa, H.OK.I'aaumoBa
X.JlocMyxamMesioB aThIHIaFbl ATBIpay MEMJIEKETTIK YHUBepcUTeTi, ATbipay, Kazaxcran

KACHHUAIIH COJTYCTIK-IIBIFBIC BOJITTHIH, TEOXUMMUSJIBIK 3EPTTEYJIEPIHIH,
HOTH)XEJIEPI (KAMBIK ©3EHI CY TYBI IO THALIEPIHIEI'T MYHA OHIM/IEPI)

Annoranus. byn makamaga Kacrumii TeHi3iHIH COJTYCTIK — INBIFBIC OOMITiHIH TCOXHMHUSUIBIK 3EpPTTEYIIep
HoTIKecl xoHe JKalbIK e3eHiHzeri cy TYOl eriHaAlIepiHaeri MyHail eHIMIEpiH aHBIKTay KapacThIpblIagsl. MyHai
OHIMIEP], XJIOPOPTaHUKAJIBIK MECTUIHUATED, HONUXIIOPIB OUpEeHNIIEp, MOJUIOH MeriHAUIEePIHAErT CHHTETHKAIBIK
Oencenni 3artap MeH ¢enonpap. 3eprrey aiimarbl peringe Conrycrik Kacnmiinin KazakcTaHHBIH jkaranayblHa
JKaKbIH OpHAJIACKaH HIBIFBIC YYacKeCi ajibIHIIbL. 3epTTey aiiMarbl TEeric TOMEHAECYMEH JKoHE TepeHJIIKTIH Oasy ecyi
apKpUIbl cunarranaasl. O )Kep/ie TONbIpaK keOiHece KbIIIKBUIIBI HeMece KYM/IbI 00JIa ibl.

Kacnuii TeHi3iHiH IeHreiinaeri MaychIMIbIK aybITKyJap OipHeIe MIuIMMeTpIeH acnaiasl. Kacnuii TeHizinin
COJITYCTIK-IIBIFBIC JKaFaJIaybl KOFAphl KAPKBIHMEH CHITATTAJIA/IbL.

3epTTey aliMarbl TEOXUMUSUIBIK KOHE THIPOXUMUSUIBIK PEXUMICPAE /1€, THAPOOHONIOTHSIIBIK CHIIaTTamMatapia
Jla KoJIainmbel opHanmackKaH. TeHi3 OeriHzme »xoHe TyOiHIE OpHajackaH CTaHLMsUIApAarbl HETI3rl T'€OXUMHSUIBIK,
THPOJIOTHSUIBIK YKOHE THIIPOXUMHUSUIBIK CHUITaTTaMaapblH Kemenai 3eprrey. Conrycrik Kacnuiinin msirsic OemiriHig
cy TyOiHzeri merinainepai Oalkay Ky3ri jKOHE KOKTEMIi Ke3eHAepHe KYPTi3iimi ®oHe Ky3ri Ke3eHJEeri TOMEHT1
HIeriHIep/eri MyHail eHIMAEPiHiH HIOFbIPJIAHYBI JKa3Fbl KE3EHMEH CAJIBICTBHIPFaH/1a TOMEH/IET€Hi aHBIKTaJIIbL.

Kammsl, xyprisiiren 3eprreyiepain HaTikenepi OoiibiHma Contyctik Kacnmiiniy taburm e3iH-e31 TazapTy
MOTEHLMAJbl 3aMaHayd aHTPOIOTEHIIK >KYKTeMelepMeH OipmaMa IMHAaMHUKaJIbIK TeNe-TeHIIK >KaFaaibHIa
EKEHJIITH aJJ(bIH-aJla TY)KBIPBIM JKacayra 0oJapl.

Tyiiin ce3mep: MyHall eHiIMIepi, XJIOPOPraHUKAJIBIK IECTUIUATEP, MOJMXJIOPWIbAI Oudenmnaep, ¢eHou,
KOHLICHTpALHSL.
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J. K. Kanumanoa, A.JI.Kanumykamena, H.OK.I'aaumoBa
ATsIpayckuii rocynapcTBeHHBIN yHEBEepcuTeT HM. X.JJocMyxamenoBa, Ateipay, Kazaxcran

PE3YJIbTATHI TEOXUMHUYECKNX UCCJETOBAHUI CEBEPO-BOCTOYHOM YACTH KACIIHA
HEPTEINPOAYKTHI B JOHHBIX OTJIOXKEHHUAX PEKH YPAJI)

AnHoTanusi. B naHHOH cTaTthe paccMaTpuBAarOTCS Pe3yJIbTaThl TEOXMMHUYECKMX HCCIEJOBAaHMH CeBepo-
BocTO4HOM yactu Kacnuiickoro Mopst u onpenenenne HeTEPOAYKTOB B JOHHBIX OTJIOKEHHUAX peku Ypai. Jlaercs
aHaJ M3 KOHLEHTpalMi He(TEeNpOAyKTOB, XJIOPOPTaHMYECKUX IECTHLHUIOB, ITOJMXJIOPUPOBAHHBIX OH(EHUIOB,
CHHTETHUYECKUX MOBEPXHOCTHO-aKTHUBHBIX BeImIeCTB W (eHonoB Ha monurone. Ob6macts CeBeproro Kacmms,
MpujIeraromas K Ka3axCTaHCKOMY Imo0epexbpio, Oblla BRIOpaHa Kak 00JacTh mccienoBanus. McenenoBanHas o0acTsb
XapaKTepHU3yeTcs HAKIOHOM [HA W MENJICHHBIM yBeNWYeHHEeM TyOuHbBI. [10YBBI 31eCh B OCHOBHOM TpS3EBBIC,
WJIOBBIC WU TIECYAHBIE.

Ce3onnble KojeOaHms ypoBHS Kacmmiickoro Mops He HPEBBINIAIOT HECKOJIBKUX MeTpoB. CeBepo-BOCTOUHOE
nobepexne Kacnmiickoro Mopst XxapakTepu3yeTcsi BRICOKUMHU CKadKaMU.

Mecto HCCJICAOBaHM YHUKAJIBHO KaK B TCOXUMHUYCCKOM, TaK U B THAPOTUAPOXUMUYCCKOM PEIKUMAX, a TAKIKC B
FI/IleO6l/IOHOFI/l‘leCKI/IX XapaKTCpUCTHUKax. HpOBeI{eHbI KOMIIJICKCHBIC HCCICA0BaHUsA OCHOBHBIX TI'COXHMHYCCKUX,
TUIPOJIOTHYCCKUX M THIPOXUMUICCKUX XapaKTEPUCTHK HA CTAHIUIX, PACIIONIOKECHHBIX HA IIOBEPXHOCTH U JTHE MOPSL.
HaGmonenne noHHBIX ocaakoB BocTouHoH yactu CeBepHoro Kacmust mpoBoAMIIOCh B OCEHHE-BECEHHHH TEpHOl, U
ObUT0 OOHApPYKEHO, YTO KOHIEHTpAlXs HEPTEIPOIYKTOB B JIOHHBIX OTIOXKEHHUSIX B OCCHHEM IIEPHOJIE YMEHBIIACTCS
M0 CPaBHEHHWIO C JICTHUM MEpHONOM. B 1emoM, WCXOons W3 pe3yibTaTOB IMPOBEACHHBIX HCCICAOBAHHHA, MOXKHO
CHeNaTh TPENBAPUTENBHBIA BBHIBOI O TOM, YTO HPHUPOAHBIH caMoounmiaromuiics notennuan CeepHoro Kacmus
HAXOJUTCS B COCTOSIHAM CBOETO poJia TUHAMUYECKOTO PaBHOBECHS C COBPEMEHHBIMU aHTPOIIOTCHHBIMA HArpy3KaMHu.

KiroueBble cioBa: HEPTEIPOAYKTHL, XJIOPOPTAaHMYECKHE MECTUIMIBL, MOJUXIOPUPOBAaHHBIE OH(EHMIBL,
(beHon, KoHIIEHTpaITHSI.

CaeeHbs 00 aBTOpax:

Kannmanosa [lanaryn JKackaiiparoBHa - Kanaunatr Gnosnoruyeckux Hayk, CT. IperojaBateib Kapeapsl « XUMHS U XUMH-
YyecKas TEXHOJIOTHsI», ATbIpayCcKuil rocyjapcTBeHHbIH yHuBepcuteT uM.X.JlocMyxame10Ba;

Kanumyxamea Apan JlemeyoBHa - TOLEHT Kaeapbl « XUMHUS U XUMUUYECKas TEXHOJIOTH», ATBIpayCKUii TOCY1apCTBEHHBIIT
yHuBepcuteT uM.X.JlocMyxamenosa;

Tanmumora Haszeim XKakcnbaeBHa - MarucTpanT kadeapsl « XUMUS H XUMHUYECKasi TEXHOIOTHS,
ATbIpayckuii rocy1apcTBeHHbIN yHUBepcuTeT UM. X.JlocMyxamenoBa.
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ON THE METHOD OF MANUFACTURE OF ORGANOMINERAL
FERTILIZER BASED ON DOUBLE SUPERPHOSPHATE

Abstract. The paper considers features and advantages of using organomineral fertilizers. Large amount of
weakly alkaline lignin-containing solutions being a hard-recyclable waste of cellulose production is formed as a
result of the steam-explosive catalysis of herbal agricultural raw materials. The paper considers the possibility of
using it as an organic component of organomineral fertilizer. Optimal parameters of the process of double
superphosphate production were determined based on laboratory investigation results. The obtained product does not
meet requirements of the State standard for double superphosphate, but it is similar to double superphosphate
composition. We offer to conduct the process of product granulation in the presence of lignin-containing solution
which is a waste of cellulose production to improve the quality, increase the assortment and the agrochemical
composition of the fertilizer. Based on the research results we suggest a technological scheme of organomineral
fertilizer production on a basis of double superphosphate with the use of lignin-containing solution. The obtained
organomineral fertilizer has good physical qualities: it does not clump, does not cake up and does not lose its
friability.

Key words: organomineral fertilizers, delignification, lignin-containing solution, double superphosphate, wet-
process phosphoric acid (WPA).

Introduction. It is known that organomineral fertilizers combine the advantages of individual organic
and mineral fertilizers, strengthen and prolong the action of each of the components and simultaneously
remove disadvantages of both fertilizers. The mineral part of organomineral fertilizers dissolve well in the
soil solution and ensure fast assimilation by plants. Organic components have a prolonged effect and
guarantee the supply of plants with nutrients for a long time. The separate application of organic and
mineral fertilizers does not give such an effect. Organic and mineral parts of organomineral fertilizers
interact between each other and nutrients (nitrogen, phosphorus and potassium) pass into more accessible
compounds for plants. When using organomineral fertilizers, nitrogen mobility reaches 95-98%,
phosphorus - 90-95%, potassium - 95%, and they are completely used by plants, while these elements are
used in mineral fertilizers only by 30-35%. Therefore, the average doses of granular organomineral
fertilizers are about 10 times lower compared to organic fertilizers and 2-3 times lower compared to
mineral fertilizers. The ecological component is also very important in the production of organomineral
fertilizers, i.e. the amount of both mineral and organic waste on the Earth will decrease. The effectiveness
of the use of organomineral fertilizers has been confirmed by numerous tests, while it has been established
that the content of organic matter in the soil increased on average by 16-25%. Agrochemical analysis of
soil showed a significant increase of the level of macro- and microelements in the soil. The amount of
nitrogen in the soil, compared with control sites, increased by an average of 2.2-2.8 times, the content of
phosphorus increased by 1.3-2.0 times, potassium by 1.3-2.5 times, calcium by 1,3-1,9 times, magnesium
by 1,3-1,6 times [1].

Organomineral fertilizers are characterized by high agrochemical efficiency. There are
physiologically active substances in the organomineral fertilizers, which influence the growth of plants,
create a loose soil structure, increase the total surface of the finished product volume. Organomineral
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fertilizers promote to adsorption and retention of moisture (up to 50%), as well as nutrients such as
nitrogen, phosphorus, potassium, calcium, minor-nutrient elements. They have good physical qualities:
they do not clump, do not cake up and do not lose their friability even when the moisture content in them
is up to 50% (absolute). The use of organomineral fertilizers prevents and eliminates the possibility of
elution of nutrient elements and allows to reduce significantly (by 25-50%) the norm of introducing
nutrients into the soil. In addition, the use of organomineral fertilizers will allow to reduce soil salinity,
provide optimal water and air regime, increase humus content in the soil, reduce the harmful effects of
high doses of NPK fertilizers, pesticides, toxic chemicals and radionuclides, to increase soil fertility, crop
yield, their quality value and ensure environmental safety [2].

Scientists of M. Auezov South Kazakhstan State University have developed a technology of cellulose
production based on the process of steam-explosive autocatalysis of herbal agricultural raw materials, such
as wheat straw and rice hulls. The developed cellulose technology is associated with the formation of large
amount of weakly alkaline lignin-containing solutions. They have studied the process of explosive
autocatalysis of wheat straw and rice hulls in the presence of weak alkaline solutions of cellulose
production; paper or corrugated cardboard are produced from the cellulose hereafter. It has been
established that the use of steam explosion of straw or rice hulls with subsequent extraction by alkaline
solutions allows obtaining cellulose with better strength characteristics than that at acid delignification.
Lignin is removed from these solutions; this process is called as delignification. At that, weakly alkaline
lignin-containing solutions are formed, which are hard-recyclable wastes of paper production [3,4].
Further processing or recycling of these wastes is an actual production problem and an essential element
of the creation of non-waste technology.

In this context, the development of the technology of organomineral fertilizer with the possibility of
utilization of delignification extract is topical issue. Its use as an organic component of organomineral
fertilizer based on double superphosphate can be one of such methods. To prepare an organomineral
fertilizer on the basis of double superphosphate, we suggest adding the delignification extract at the
granulation stage.

The proposed technology of organomineral fertilizer based on double superphosphate consists of
several stages: 1) decomposition of phosphate raw materials with wet-process phosphoric acid (WPA); 2)
drying the pulp; 3) granulation of the product in the presence of the lignin-containing solution; 4) drying
and sifting the finished product. To determine optimal parameters of the process of obtaining
organomineral fertilizer on the basis of double superphosphate, the influence of WPA norm, concentration
and temperature on phosphorite decomposition degree and the additive of lignin-containing solution
influence on the process conditions and the quality of the product were studied.

Materials and methods. Laboratory experiments of the decomposition of Karatau phosphorites with
wet-process phosphoric acid for obtaining double superphosphate were carried out as follows. The WPA
stoichiometric norm was calculated according to a simplified procedure that does not take into account the
mineralogical composition of raw materials [5]. The required amount of wet-process phosphoric acid was
heated up to a certain temperature and then mixed with phosphorite for 1 hour at stirring. The formed pulp
was dried for 1.5 hours in a dryer at 105-110°C (to approach the temperature regime of ageing the double
superphosphate in production conditions). The obtained chamber double superphosphate was analyzed for
moisture content and all forms of P,O5 content by standard methods in accordance with GOST 20851.2-75
and GOST 20851.4-75.

Following raw materials were applied for the laboratory research: Karatau phosphorites of
composition (mass %): PyOsi - 25,0; CaO - 37.04; MgO - 2.4; Fe,O; - 1.18; Al,O5 - 0.8; insoluble
residue - 21.62; F - 2.38; moisture - 0.32 and wet-process phosphoric acid produced from these raw
materials; its composition (mass %): P,Os o - 21.6; CaO - 0.57; MgO - 1.49; Fe,O5 - 0.99; ALLO; - 0.86;
F - 1.74; SOy - 2.22. Wet-process phosphoric acid used for the experiments was produced at the Plant of
mineral fertilizers of “Kazphosphate” LLP. A complete analysis of Karatau phosphorites and WPA was
conducted in the central laboratory of “Kazphosphate”.

Results and discussion. To study the influence of WPA norm on the phosphorite decomposition
degree the interaction process was carried out at a temperature of 70°C during 1 hour and a drying process
was carried out at a temperature of 105-110°C. The WPA consumption coefficient was varied within 70-
110% of the stoichiometry. The results of laboratory studies are presented in Table 1.

As can be seen from Table 1, the phosphorite decomposition degree increases when increasing the
WPA consumption rate, the content of P,Osge.. also increases. In the dried samples, the P,Os ranges as
33,3-38,0%, and P;Osgee is 5.6-7.9%. At the acid norm above 90% of stoichiometry, the phosphorite
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decomposition degree does not increase significantly. At the norm of 110% of stoichiometry the
decomposition degree is 91.8%, however, the content of free P,Os is also high. Therefore, the optimal
WPA norm is 90% of stoichiometry.

Table 1 - Influence of WPA consumption rate on the phosphorite decomposition degree at 70 °C

No WPA consumption rate, % of Drying temperature, P10s totals P>05 fices Decomposition
stoichiometry °C % % level, %

1. 70 105-110 33,3 5,6 80,2

2. 80 105-110 34,6 6,2 85,1

3. 90 105-110 35,7 6,9 89,3

4. 100 105-110 36,9 7,2 90,5

5. 110 105-110 38,0 7,9 91,8

Under these conditions, a relatively high phosphorite decomposition degree is attained and a product
with good physical properties is obtained, i.e. the prepared product can be processed further. The next step
of the product treatment is granulation in the presence of the lignin-containing solution.

To study the effect of temperature on the phosphorite decomposition degree, decomposition
temperature was varied within 40-90°C, the WPA consumption rate was 90% of the stoichiometry as an
optimal value determined earlier. It is known that the phosphorite decomposition degree decreases with
increasing temperature, this is explained by the nature of the change in solubility in CaO-P,0s-H,O system
[5]. When temperature increasing the supersaturation degree with calcium hydrophosphate increases. As a
result, calcium hydrophosphate film is formed on the surface of the phosphorite grains, which leads to
decomposition process deceleration. At temperature below 70°C, the phosphorite decomposition degree is
somewhat higher, but the temperature of the superphosphate mass is reduced due to the relatively low
ratio of the amount of heat released from the decomposition reaction to the weight of the superphosphate
mass. This will increase the moisture content of the product. Evaporation of moisture takes place and the
content of phosphoric acid in the liquid phase increases in the process of drying. The calcium
hydrophosphate film formed on the surface of the phosphorite grains dissolves, an activity of hydrogen
ions in the liquid phase increases, as a result of which the phosphorite further decomposition takes place.
The results of studies showed that increasing the temperature above 70°C causes more viscous and dense
pulp formation. At a temperature of 70°C, more mobile pulp is obtained, which will easily be transported
to the dryer.

Thus, optimal parameters of the process of obtaining double superphosphate were determined: WPA
consumption rate is 90% of stoichiometry; the decomposition temperature is 70°C. Under these
conditions, the product of the following composition was obtained, (mass %): P>Osal - 35.7; P2Osavaitable -
31.9 and P;Osge - 6.9. This product does not meet the requirements for the double superphosphate GOST,
but it is similar to double superphosphate composition.

The lignin-containing solution obtained as a result of a steam explosion of rice hulls is an alkaline
water extract containing 26% of lignin with pH = 12-13. After complete evaporation of this extract, the
chemical composition of the obtained precipitate, determined from scanning electron microscopy, (mass
%) is following: C-34.85; 0O-35.68; Na-0.62; Si-1.15; S-0.16; K-24.52. As can be seen from the data, the
dry residue is mainly represented by carbon, oxygen, and potassium; there are sodium, sulfur and silicon
in relatively small amounts.

Studying the fertilizer granulation process in the presence of lignin-containing solution has shown that
the use of lignin-containing solution leads to the neutralization of free acidity forming potassium
phosphates in the complex of phenylpropyl functional groups and the enrichment of the product
additionally with potassium nutrient. As a result of double superphosphate preparation in laboratory
conditions with the use of delignification solution at the granulation stage we have obtained the
organomineral fertilizer of the composition, mass %: PyOsir — 33,8; P2Osavaitable — 32,11; P2Osgee — 0;
organic constituent — 5,39.

The results of investigations of lignin-containing solution additive influence on commodity fraction
product output from the granulation stage are given in Figure 1.
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Figure 1 — Dependence of commodity fraction product output on lignin-containing solution consumption

It demonstrates that optimal lignin-containing solution additive, providing maximum of commodity
fraction product output, has very narrow range. Outside the range either pelletizing does not take place or
spontaneous agglomeration takes place. Insignificant additive increase or decrease leads to sharp reduction
of commodity fraction product output. It is explained that the additive decrease is accompanied with
moisture input decrease, i.e. there is the lack of moisture for complete wetting fertilizer grain surface; at
that pelletizing does not take place. And when the additive increasing the amount of moisture input
increases which results in excessive growth of charge moisture content and formation of large lumps and
agglomerates.

The results of laboratory testing have shown that optimal lignin-containing solution additive is 20-22
g/ 100 g of powdered double superphosphate. The maximal commodity fraction product output — 86-88%
is observed at this condition.

The proposed technological scheme for the production of organomineral fertilizer based on double
superphosphate consists of several stages: 1) the decomposition of phosphate raw materials with WPA of
PyOs¢01a1 21.6% concentration (by mass), at 90% WPA consumption rate for 1 hour at 70-90°C, while the
phosphate raw material decomposing by 55-60%: 2) Drying the pulp at 105-110°C. During the drying
process, the decomposition of raw materials continues and the total decomposition degree of raw materials
increases to 85-90%; 3) Granulation of the product in the presence of the lignin-containing solution; 4)
Drgfing the prepared granules to the moisture content of 3-4% in warm conditions at the temperature of 60-
70°C.

Conclusion. Optimal parameters of the process of double superphosphate production were
determined based on laboratory investigation results: decomposition of phosphate raw materials with
WPA for 1 hour at 70-90°C with further decomposition during the drying process, then lignin-containing
solution addition with the norm of 20-22 g / 100 g of powdered double superphosphate on the granulation
stage. When using lignin-containing solution at the granulation stage of double superphosphate production
we can prepare the new mineral fertilizer of improved quality. It will promote to increase product output
and to increase the assortment and the agrochemical composition of the organomineral fertilizer.
Simultaneously the cellulose production waste can be utilized completely. The prepared organomineral
fertilizer based on double superphosphate contains P,Os in easily assimilated form for plants and an
organic part that is of prolonged action. The use of such a fertilizer extends the term of its effective action

in the soil.
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KOC CYINEP®OCAT HET'3IHJIE OPTAHOMMHEPAJIIbI
THIHAUTKBIIITHI JAMBIHIAY 91ICI BOMBIHIIIA

AHHOTauMs. Makajnaza OpraHOMHHEPaIIbl THIHANTKBILITAP/BIH CPEKIICTIKTEPI MEH apThIKLIBUIBIKTAPhl KOPCETIIICH.
[enTi aypuinapyambUIblK MIMKI3aTTapbIH LEJUII0N03a ally MaKCAaThIMEH Oy-)KapbUIbIC KAaTAIM3 apKbUIbl OHJICY HOTHXKECIHIE KOl
MemiepAe oJci3 CLITLN JIMTHHHKYpamjac epitTinauiep maiina Ooxambl. Makanmaga oOChl epIiTIHAIHI  OpraHOMHHEPAIIEI
THIHAMTKBILITHIH OpraHUKaJbIK Kypamaac 0eJiri peTiHge KonaaHy KapacThIpbUIFaH. 3epTXaHAJbIK 3epTTeyJIep HOTHKECIHAE KOC
cynepdochaT any mporeciHiy THIMII TEXHOJOTHSIBIK apaMeTpiepi aHbIKTaFaH. AnblHFaH cynepdocdar Koc cynepdochaTka
KATBICTBI CTAHJAPT TAllANTapblHa COMKeC KeJaMeiai, Oipak KypaMsl GoiibiHIIA KOC cyrnepdocharka KakpH. THIHAWTKBIIITAPIBIH
carachlH JKOFapbUIaTy, ACCOPTUMEHTIH KOOCHTY KOHE arpOXMMHSUIBIK KYPaMBIH JKaKcapTy MaKCaThIMEH OHBI IEJLIIONI03a
OHIPICIHIH KaJIbIFbl —JIUTHUH-KYpaMIac epIiTIHAIHIH KaThICBIHAA TYHIPLIIKTEY YCHIHBUIFAH. 3epTTey HOTHKelepi OoibIHIIa
JUTHUHKYpaMJIac epiTiHaiiepAi Koiany apKeUlbl Koc cyrnepdocdar HeriziHnae opraHoOMUHEPasbl TEIHAUTKBIII aTyAbIH TEXHOJIO-
THSUIBIK  CbI30a HYCKAchl YCBHIHBUIFaH. AJIBIHFAaH OPraHOMHUHEDAIbl THIHANTKBIUTHIH (U3UKAIBIK KaCHETTepl IKAKCHI:
JKYMBIpIIaHOAM b1, HBIFBI3IaIMAalAb] )KOHE YTUITIITITiH )KOFAIITIAalAbI.

Tyiiin ce3aep: opraHOMUHEPa/bl THIHAWTKBILITAD, JOHEKEpJIeY, JMTHUHII epiTinaiiep, Koc cynepdocdar, SKCTpaKIUSIIbIK
(hochop KBIIKBUIBL.
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IO METOAY U3I'OTOBJIEHUSA OPTAHOMMWHEPAJIBHOT'O YAOBPEHUS
HA OCHOBE JIBOMMTHOT' O CYIIEP®OC®HATA

AHHoTaums. B cratbe npeacTaBieHbl 0COOCHHOCTH M IPEUMYIIECTBA HCIIONB30BAHHUS OPraHOMHUHEPAJIBHBIX y100peHuii. B
pe3yJbTaTe Napo-B3PHIBHOTO KaTalu3a TPABSIHUCTOTO CENbCKOXO3AHCTBEHHOTO CBHIPbS € LENbIO IONYYEHHS LEIUTIOIO03bI
obpazyeTcs 60JIbLIOE KOJIMYECTBA CJIA00IIETOYHBIX IMTHHHCOIEPKAIINX PACTBOPOB, KOTOPBIE SBISIOTCS TPYHOYTHIN3HPYEMbIM
oTxonoM. B crarhe paccMoTpeHa BO3MOXXHOCTb NPUMEHEHUS €r0 B KadeCTBE OPTaHWYECKOH COCTABIAIOMICH OpraHOMUHEpalb-
Horo ymoOpenus. [lo pesynpraTam 1a00paTOPHBIX HCCIENOBAHUN OIPENENHBI ONTUMAIBHBIC MapaMeTphl IPOIecca MOITydeHUs
nBoitHoro cynepdocdara. [TomydeHHBIH TPOAYKT HE COOTBETCTBYET TPEOOBAHMSIM CTaHIApTa Ha IBOMHOW cynepdocdaTa, HO 1O
CBOEMY COCTaBY CXOX C JBOMHBIM cynepdocdarom. C menbro yiIydiieHUss KadecTBa, YBEIHYCHHsT aCCOPTUMEHTA M arpOXHUMH-
YeCKOro COCTaBa yIOOpEHHUs INpeularaeTcsi MpOLEcC IPaHyJISUUM NPOAYKTa HMPOBOAUT B NPHUCYTCTBUM JIMTHUHCOACPIKALLETO
pacTBOpa — OTXOAA HPOM3BOJACTBA LEJUIIONO3bL. [0 pe3yibTaTtaM HCCIENOBAaHMH NPEIOKEHA TEXHOJIOTHYECKas cXeMa MpOou3-
BOJCTBAa OPraHOMHHEPAJIBHOTO YAOOpEHHS Ha OCHOBE JBOifHOro cymepdocdara ¢ HCIOIb30BAHHEM JIMTHUHCOACPIKAIIETO
pactBopa. ITomyueHHOE OpraHOMHHEpAIbHOE YAOOpPEHHE HMeeT XOopoune (U3NYECKHE KadecTBa: HE KOMKYKOTCS, HE CIEXKH-
BAIOTCS U HE TEPSIIOT CBOEH PacCHITIaTOCTH.

KitoueBble cJI0Ba: OpraHOMUHEpalbHbIC YyNOOPCHUS, ACHUTHHU(HUKALMS, JUTHUHCOACPKALINE pAaCTBOPBI, JBOMHOI
cynepdocdar, sxcrpakinuonHas pochopHas kuciora (IDK).
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THE OPPORTUNITIES OF THE RATIONAL USE
OF THE WASTE OF OIL PRODUCTION AND OIL REFINING
IN THE MANUFACTURE OF TIRE RUBBER

Abstract. In the process of extraction and processing of oil from the Tengiz field, a lot of elemental sulfur is
formed from hydrogen sulphide, which is stored in an open area and is the cause of environmental problems in the
region. Many elemental sulfur consumes the rubber industry for the vulcanization of rubbers. Sulfur vulcanizing
agents included in the group, ensures the vulcanization, i.e., the transformation of plastic and viscoelastic rubber
compounds in highly elastic rubber due to the formation of a uniform spatial with the sulfur atoms linking the
individual chemical bonds of the macromolecules rubber. Previously, we have carried out work on the application of
purified sulphur in the Tengizbrekina and tread rubber compounds that have shown promise for the future. However,
the manufacture of frame rubber compounds using purified Tengiz sulfur is not justified, because rubber was hard. In
this work, we have conducted research and presented the results of experiments on the possibility of application of
polymeric sulfur, obtained from purified Tengiz sulfur. The use of polymeric sulfur can also adjust the elastic
properties of the resulting rubbers. Polymeric sulfur was introduced on a laboratory mill at the end of mixing, in a
second stage, in order to prevent premature vulcanization. In the process of cleaning crude oil from hydrogen sulfide
produced many elemental sulfur, which is in Tengiz a result of processing of sour oil and gas, indicating the content
of hydrogen sulfide. Sulfur vulcanizing agents included in the group, ensures the vulcanization, i.e., the
transformation of plastic and viscoelastic rubber compounds in highly elastic rubber due to the formation of a
uniform spatial with the sulfur atoms linking the individual chemical bonds of the macromolecules rubber. Particular
attention is paid to development of curing agents. Previously, we have carried out work on the application of purified
sulphur in the Tengizbrekina and tread rubber compounds that have shown promise for the future. However, the
manufacture of frame rubber compounds using purified Tengiz sulfur is not justified, because rubber was hard.Thus,
the results of studies have shown that the use of Tengiz sulfur leads to improved physical and mechanical properties
and quality of rubbers. A secondary use of sulfur - a waste of oil production can improve the ecology of Kazakhstan.

Key words: sulfur waste; oil sludge; organic part of oil sludge; rubber compounds; curing system; plasticizers.

Introduction. By the size of the established reserves, the geological and thermo-baric conditions in
occurrence of oil-bearing horizons and the technical-economic features of the development of Tengiz is
unique not only among the deposits of Kazakhstan, but also the world. In 1998, “Tengizchevroil”
conducted three-dimensional seismic studies here, after which the explored oil reserves were estimated by
the enterprise at 1,3 billion tons. The productive horizons of the Tengiz field lie at a depth of more than
5000 m, this oil-bearing reservoir occupies the land with the width of 19,3 km and the length of 21 km.
Features of the field deposit: high intra-layer pressure and high concentration of hydrogen sulphide require
the solution of the most complicated technical and technological problems. Especially solving the
environmental problems of sulfur utilization [1,2].

Tengiz oil is light; density at 20°C 789,2— 851,4 kg/m 3, sulfurous is characterized by the significant
content. In the process of cleaning the crude oil from hydrogen sulfide, TCO produces the elemental
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sulfur, which is in Tengiz the results of processing “acidic” oil and gas, indicating the content of hydrogen
sulphide in them. From year to year, the artificial “mountains” of sulfuric massivesare grown, about 69 kg
of sulfur per 1 ton of the produced oil. The giant volumes of oil production waste-sulfur (today more than
8 million tons of the products are stored in “sulfur cards™) cause serious concern of ecologists and local
population, since under the local climatic conditions sulfur can pass to many sulfur compounds. Moreover,
the sulfur arrays are located in the sanitary protection zone of the Tengiz gas processing manufacture,
gassed zone, under the influence of flaring off the gases, containing carbon, hydrogen, various metals and
much more. One of the main problems arising in oil production in Tengiz is the danger of soil and
groundwater contamination, the spread of sulfur dust, and the entry of sulfur sulfide into the atmosphere
[3-5].

In the practice of the world oil and gas industry, basically three methods of obtaining solid sulfur are
used: flake, granular and lumpy. On Tengiz sulfur is released in the liquid form. A lot of elemental sulfur
is consumed by the rubber industry - for the vulcanization of the rubbers. Sulfur, which enters the curing
group, provides the curing, it means, the transformation of a plastic and viscoelastic rubber compound into
a highly elastic rubber as a result of the formation of a single spatial grid with sulfur atoms, connecting the
individual macromolecules of rubber by chemical bonds [3]. During the extraction and processing of oil
from the Tengiz field, a lot of sulfur waste is generated, which is stored in open fields. Under the influence
of the atmosphere, high temperature (in summer up to 45-50°C), etc., many sulfur compounds are formed
that are harmful to human health and the environment. The research shows the possibility of using sulfur
as a vulcanizing agent of the rubber compounds.

The rubber industry of Kazakhstan has a very limited assortment of ingredients of the rubber
compounds. An important scientific direction of petro-chemistry is the production of plasticizers,
softeners, vulcanizing agents, fillers based on the man-made waste. This makes it possible to expand the
raw material base, use large reserves of oil refining waste reduce the anthropogenic load on the
environment and solve the problem of the production of import-substituting softeners and vulcanizing
agents for the rubber industry of Kazakhstan. A feature of Kazakh oils is an increased content of sulfur
compounds, as a result of which a lot of sulfur waste is formed [6-10].

It is generally accepted to use in the formulations of rubber mixtures of organic and inorganic low-
molecular compounds. By the effectiveness of the action of polymers and products of low-molecular
compounds are divided into softeners and plasticizers. Softeners are called low-molecular compounds,
which reduce the temperature of fluidity and do not affect the glass transition temperature of rubbers.
Plasticizers are low-molecular compounds, which reduce the glass transition temperature and the flow
temperature of rubbers. An important requirement for plasticizers and softeners is their low cost. Great
importance is also attached to the availability of the raw materials used to produce them. Various other
requirements for plasticizers and softeners (no washing out with water, oils, etc.) are determined by the
specific conditions in which the finished product containing the plasticizer and softener will work.

Experimental part. As a vulcanizing agent in rubber compounds sulfur is used, therefore in our work
it is proposed to use the purified Tengiz sulfur from oil production and refining waste in the vulcanizing
system.

Tests of the organic part of oil sludge (OPOS), extracted from oil sludge of the LLP
“PetroKazakhtanOilProducts” (PKOP) in the formulations of rubber compounds based on the rubbers of
general purpose as softeners, with the replacement of the traditional softeners PN-6SH and softener ASSC,
were carried out. Based on the results of the determination of technological properties, it was found that
OPOS has a plasticizing effect [10,11].

Sludge collectors save the general character of the structure, i.e. when storing the oil sludge,
depending on the difference in the physicochemical parameters of the components, over time; it is divided
into three layers. Light liquid hydrocarbons are concentrated in the upper layer, the middle layer is
characterized by high water content, and heavy fractions of hydrocarbons, resins, asphaltenes and particles
of the mineral phase are collected in the lower bottom layer [12-15].

As a result of the conducted studies of oil sludge LLP “PKOP” found that the indicators of the phase
composition and physicochemical properties vary depending on the conditions of their formation, storage
and the depth of the layer. The top layer is a watered oil product with a content of up to 2.4% finely
dispersed mechanical impurities and belongs to the class of water-in-oil emulsions. The water content
does not exceed 5.4%. The content of petroleum products is 25.9%. The middle layer is represented by an
oil-in-water emulsion. This layer contains 53.1% water and 5.7% mechanical impurities. The content of
petroleum products is 11.2%. The lower layer contains 40.6% water, 35.6% mechanical impurities,
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petroleum products 1.3%. Oil sludge as a polydisperse unstable system is characterized by the fact that its
physical characteristics are not constant, i.e. when determined for the same oil-slime sample, the results
obtained may differ by 50 percent or more. Therefore, for the experiment, an average sample of oil sludge
from the settling pit of LLP “PKOP”’was selected.

Optimization of compounding the rubber compounds. By sequential study of the effect on the
properties of rubber of the contents of each of the components alone (sulfur and oil sludge) with fixed
amounts of other ingredients, optimization of the developed rubber compounds for making the filler cord
of the bead of car tires was carried out.

In order to identify the optimum quantity of OPOS in the composition of rubber mixtures, rubber
mixtures with different contents of OPOS were obtained. Plasticizers and softeners have been replaced
with OPOS. Also in the formulations of rubber compounds as a vulcanizing agent, a mixture of polymer
and colloidal sulfur from the Tengiz field was used. Recipes of rubber compounds used in the manufacture
of the bead tape are given in Tables 1.

The highly disperse mineral fraction of oil sludge (1-5 microns) is used in the rubber compound
formulation for the production of the filler cord of the side wing of passenger tires.

Table 1 - The formulation of the optimum rubber compound for the manufacture of the filler cord of the side wing

Title of the ingredients For 100 mass parts of the rubber
Model Research variant

1 2 3 4 5 6 7
HSI-3 40,0 40,0 40,0 40,0 40,0 40,0
Fill with rubblerubber 60,0 60,0 60,0 60,0 60,0 60,0
Sulfurtechnical 2,4 - - - - -
SulfurTengiz - 1,2 1,6 2,0 2,2 2.4
Sulfenamide"C" 1,2 1,2 1,2 1,2 1,2 1,2
Santoguard RU 0,4 0,4 0,4 0,4 0,4 0,4
ZincWhite ceruse 5,0 5,0 5,0 5,0 5,0 5,0
Stearicacid technical 2,0 2,0 2,0 2,0 2,0 2,0
SoftenerASSC 4,0 4,0 4,0 4,0 4,0 4,0
Organic part of oil sludge - 4,0 5,0 6,0 6,5 7,0
OilPN-6SH 4,0 - - - - -
AcetonilP 2,0 2,0 2,0 2,0 2,0 2,0
DiafenFP 2,0 2,0 2,0 2,0 2,0 2,0
Technicalcarbon 70,0 60,0 55,0 50,0 45,0 40,0
Mineral part of oil sludge - 10,0 15,0 20,0 25,0 30,0

Methods . The wvulcanization characteristics of the rubber compounds obtained with a

“Monsanto”rheo-meter confirmed the fact that various dosages of OPOS and sulfur directly influence the
kinetics of vulcanization of rubber compounds. The addition of OPOS into rubber compounds leads to a
decrease in the minimum viscosity and rigidity of the elastomeric matrix system. This decrease is directly
proportional to the percentage of OPOS. The use of Tengiz sulfur allows preserving the duration of the
vulcanization plateau, thereby preventing the re-vulcanization of the rubber of the filler cord.

Results and its discussion. The optimum component ratio, leading to the decrease in the minimum
viscosity and an increase in the vulcanization start time, characterizing the best technological properties of
rubber compounds, is observed at 7 and 8 parts by the weight for the rubber compounds intended for the
filler cord. From the analysis of volcano-metric curves of rubber compounds, it follows that the optimum
time to achieve vulcanization of the rubber compound for the rubber compound of the filler cord is 23
minutes.

The physical and mechanical tests of the experimental rubbers led to the conclusion that it is most
expedient to use the organic part of the oil sludge in the rubber compound formulations for the filler cord
of the wing wings, since when replacing the traditional softeners with the OPOS the properties of rubbers
correspond to the control standards. The best results are observed with a dosage of 8-10 parts by weight
OPOS for the rubber compounds intended for the filling cord. Dependences of the main physic-
mechanical parameters of vulcanize of rubber filler cord from the dosage of OPOS and Tengiz sulfur are
given in Table 2.
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Table 2 - Properties of vulcanizes based on rubbers of general purpose for a filling cord with additions
of organic part of oil sludge and Tengiz sulfur

Title of the indexes Norms of 1-v 2-v 3-v 4-v 5-v

controlling
Conditional tensile strength, kgp / cm2, not less than 92 107 104 109 111 111
Relative elongation at break,%, not less than 270 270 300 310 310 295
Hardness on A blinders, cond. units 70 75 77 77 78 75

Conclusions: A slight decrease in strength indexes and an increase in the elastic properties of rubbers
with increasing dosage of OPOS can be explained by the mechanism of plasticizing effect of low-
molecular compounds of the organic part of oil sludge that penetrate between macromolecules, thereby
reducing the intermolecular interaction of rubber macromolecules. A slight decrease in strength properties
of rubber filler wings is not important, since the main strength of the structure of the wing wings is
attached to the side rings of brass wire. The use of the same Tengiz sulfur allowed preserving the kinetics
of vulcanization, which could decrease with the use of OPOS. Also, the use of Tengiz sulfur allowed
increasing the hardness of rubbers, which is necessary to increase the rigidity of the tire's bead.

Thus, the results of extended tests have shown that it is possible to replace traditional softeners in
rubber mixes with organic part of oil sludge and use Tengiz as a vulcanizing agent. Fillers in the
formulation of rubber compounds for making a filler cord can be partially replaced with a mineral part of
the oil sludge.
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MYHA OHIPY MEH MYHAI OHJEY KAJIBIKTAPBIH
ITAHAJIBIK PE3MHAJIAP OHAIPICIHAE YTBIMIBI AMIATAHY MYMKIHITT

AnHoTanus. TeHru3 KeH OpPHBIHBIH MYHaHBIH OHMAIPY JKOHE OHJCY Ke3iHJe allbIK allaHapia CaKTalaThH KYKIPTTIH Kell
KAIIBIKTAPE Ty3imemi. ATMOC(EpaHBIH OCepiHeH, SFHH SKOFapsl Temmeparypa (kasma 45-50°C geitin) Mem Gacka na
(haxTOpIIapABIH ScepiHeH, a/laM JeHCayJIbIFBl MEH KOpIIaFaH OpTara 3UsSH/BI 9CePiH TUTI3eTiH KYKIPTTiH KO Kocrauapsl Ty3ulei.
JKymbIcTa KYKIPTTI pe3rHa KOCHAChIH BYJIKaH/AAYIIbI areH peTiHae KOJIaHy MYMKIHAIr KOPCETIreH.

KoMmoHeHT KypaMbIHBbIH SpKaiichichiHa Oeyiek (KYKIPT JXoHe MyHail HIIaMbl) pe3rHa KOClachlHa SCepiH Kyifeni Typae
3epTTey apKblIbl, )KEHII HIMHA OOPTBHIHBIH TOJBIKTBIPFBIN OayblH JaWbIHAAY KE3iHIE OHJIENIeH Pe3HHa KOCHAChIHA, TIPKEITeH
0acka 1a MHTpeIUCHTTEep CaHbIHA OHTAMIAHABIPY KYPTi3iii.

Tenrn3 xykipTiH Kommany, OUH xonpmaHy Ke3iHZe KeMyre MYMKiHAIK OepeTiH ByJIKaHAay KHHETHKACHIH CaKTayFa
MYMKIHIIK Oepii. TeHTu3 KYKipTiH KoijgaHy, COHBIMEH KaTap JOHTEJICKTiH CHIPTKBI OOpTHIHBIH KepMEKTiKTIH apTThIpy YIIiH
Ka)KeT Pe3UHAHbBIH KaTTHUIBIFBIH JKOFapbUIaTabl.

KeHelTinren celHaKTapIblH HOTIKENEPi, pe3rHa KOCTIAaChIHAA KOJIJaHbUIATBIH ICTYPIIi )KYMCApPTKBILITAp/Ibl MYHAH IILITaMbl
MEH BYJIKaHJayIIbl ar€HT PeTiH/e KOJAHBUIATBIH TEHIU3 KYKIPTI HE aIMacThIpy MYMKIHZITiH KOPCETTi

TonbIKTHIPFBIII Oayabl NaiiblHIAyFa apHAJIFaH PE3MHA KOCIACHIHBIH PELENTIHAEr! TOJBIKTBIPFBIIITAD MYHAHIIIAMbBIHBIH
MHHepas/ibl OeJiriHe inrHapa aybICTBIPBUTY bl MYMKIH.
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BYJIKaHU3aTTap, BYJIKaHU3ALMIAY areHTi, ByJIKaHIay JKY#eci, IPOTEKTOPIIBIK PEe3eHKe Kocnanap, OpeKepIIbIK pe3eHKe Kocranap.
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BO3MOXHOCTHU PAIITMOHAJIBHOI'O UCITIOJIB30BAHUA OTXOJ0OB HE®TEJOBbIYU U
HE®TEINNEPEPABOTKH B TIPOU3BO/JCTBE HIMHHBIX PE3UH

Annortamus. [Ipu no6srue u nepepadbotTkn HepTH TEHrH3CKOro MECTOPOXKICHHS 00pa3yeTcsi MHOTO OTXOJOB CEpPbI, KOTOpast
XPaHHTCS Ha OTKPBITHIX IUIOMAzAKax. Ilox BoszueiicTBieM armocepsl, BBICOKOH Temmeparypsl (nerom mo 45-50° C) u np.
(akTOpoB 00pa3yeTcs MHOTO COCAMHEHHH Cepbl BPEAHBIX IS 370POBbs 4YEJIOBEKa M OKpysKalollel cpexsl. B pabore nokaszana
BO3MO>KHOCTb MCIIOJIb30BaHUS CEPbI B BU/IC BYJIKaHU3YIOLIETrO areHTa Pe3HHOBBIX CMECEii.

IyTem mociiejoBaTeNbHOIO H3yUCHHs BIUSHHS Ha CBOICTBA PE3MH CONCPIKAHMS Ka)XJOTO U3 KOMIIOHEHTOB B OTACIBHOCTH
(cepsl 1 HedTenIIaMa) MU PUKCHPOBAHHBIX KOIWYECTBAX IPYTUX HHTPEANCHTOB ObLTAa MPOBEICHA ONTUMH3ALNS pa3padOTaHHBIX
PE3MHOBBIX CMeceH IJIsl N3rOTOBJIEHHS HAIOJIHUTEIBHOTO NIHYpa 00pTa JIETKOBBIX IIHH.

[IpumeHeHNe TEHTU3CKOI Cephl IO3BOIMIIO COXPAHUTh KHHETHKY BYJIKAHU3ALUM, KOTOpas Morja OBl CHU3HTHCS IPH
npumenennn OYH. Takxke nmpuMeHeHHe TEeHIM3CKOM Cepbl MO3BOJIMIIO MOBBICHTH TBEPIOCTh PE3UH, KOTOpas HeoOXoxuma IJist
MOBBIIICHHUS KECTKOCTH OOPTa aBTOIOKPBILIKH.

Pe3ynbraThl paclIMPEHHBIX HCIBITAHUI TOKa3aJIi BO3MOXKHOCTD 3aMEHbI TPAJULIMOHHO UCIIONB3YEMBbIX B PE3HHOBBIX CMECAX
MsAryuTesneil Ha OpraHM4YecKylo 4YacTh He(TelllaMa M MCIOJNB30BaHHS TEHIM3CKOW cepbl B BHJE BYJIKAHU3YIOLIErO areHra.
HanonHuTtenu B pelienType pe3nHOBBIX CMECeH JUlsi H3rOTOBJICHHS HAIIOJIHUTEIBHOTO IIHYPa MOTYT OBITh YACTUYHO 3aMCHEHBI Ha
MHHEPAJIbHYIO YacTh HedTenuama.

KnioueBble cioBa: cepa, IOJMMEpHast cepa, IPORYKTHl HedTeqoObIYH, IIMHHBIE PE3UHBI, Pe3NHOBAs CMECh, BYJIKaHU3aT,
BYJIKAHU3YIOIIMH areHT, BYJIKAHU3YIOIas CHcTeMa, OpekepHasi pe3HHOBasi CMeCh, IIPOTEKTOPHAs PE3UHOBAsI CMECh.
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DEMULSIFICATION EFFECT OF NON-IONIC SURFACTANTS
TWEEN-20, TWEEN-80 ON MODEL WATER-IN-OIL EMULSIONS

Abstract. Breaking of water-in-oil emulsions is a necessary part of crude oil preparation for processing andthe
development of new demulsifying compositions has importance for the Republic of Kazakhstan. In this research the
demulsification effectof non-ionic surfactants Tween-20, Tween-80 with high value of hydrophilic—lipophilic
balance (HLB) was considered. For thermal treatment of water-in-oil emulsion the model emulsions based on crude
oil of North-West Konys with 30%, 40%, 50%, 60 % (vol.) of water phase concentration were studied. The degree of
oil emulsion dewatering in the presence of Tween-20 do not exceed 63% at temperature 60°C. The optimal term of
thermal chemical breaking down by means of mixtures of non-ionic surfactants Tween-20, Tween-80 and anionic
surfactant sulfanol at a ratio of 1:1 (vol.) was determined. The maximum demulsification equaled to 97.01 % after
100 min for 30-50 % water-in-oil emulsionswas found out for Tween-20 — sulfanol mixture at a ratio of 1:1 at 60°C.
The results confirm the opportunity of using of mixtures of Tweens with anionic surfactant sulfanol as demulsifying
reagents.

Keywords: thermal chemical demulsification, non-ionic surfactants, Tween-20, Tween-80, sulphanol, water-in-
oil emulsions, breaking of water-in-oil emulsions.
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Kazaxckuil HaMoHAIBHBIA YHUBEPCUTET UMEHH allb-Dapadu

JEAIMYJbI'UPYIOUIEE JEMCTBUE HEMOHHBIX ITAB TBUH-20
N TBUH-80 HA MOAEJIBHBIE HE®TAHBIE OMYJIbCUU

AHHoTanus. Pazpymenne HeQTAHBIX SMYIbCUH SIBISETCSA BaKHOH 4acThIO MOATOTOBKH HE(TH K mepepaboTKe,
MO3TOMY pa3paboTKa HOBBIX AE3MYJIbTUPYIOUINX KOMIIO3UIMI SIBISETCS aKTyalbHOM mpoOnemoit ans PecmyOnukn
Kasaxcran. B pabote paccMOTpeHO AesMyabrupyioiiee aericteiue HenoHHbix [TAB Teun-20, TBun-80, 00mamaronmx
BBICOKMM 3HadeHue ruapodmibHo-nunodumisHbM  Oanancom (IJIB). dns uccnenoBaHus TEPMOXMMHUYECKON
00paboTKu BOJOHE(DTSIHOW SMYJIbCUM OBUIM HCIIOJIB30BaHBI MOJICNIbHBIE HE(TSHbIE SMYJILCHM Ha OCHOBE HE(TH
MectopoxaeHusiCesepo-3anaonsiii Konvic ¢ koHIeHTpanued BogHoit ¢Gaser 30%, 40%, 50%, 60 % (oObemH.).
Crenenb 06e3B0xkuBanus HeTHOM IMyibcun B ipucyTcTBun TBUH-20 He mpeBbiciia 63% npu remneparype 60°C.
OmnpernesieHbl ONTUMAJIbHBIE YCIOBUS TEPMOXMMHUYECKOIO OTCTaWBaHHs B INPHUCYTCTBUM cMeceld HenoHHbIX [TAB
Teun-20, Teure-80 u arnonHoro I1AB cympdanonaB cootHomenun 1:1 (00beMH.). MakcuMmanbHas 1eIMYITbCAIUL
ObuTa oOHapyxeHa mas Komnosunuu Teuu 20 — cymbdanon B cootHomenun 1:1 (06bemu.) mpu 60°C u paBHa
97,01% mocne 100 MuHYT OTCTamMBaHMS IS BOJOHE(TSIHBIX AMYNbCHI ¢ comepxaHueM Boasl B Hedtu 30-50%.
Pe3ynbTaThl MOATBEPXKAAIOT BO3MOXKHOCTH HCHOJIB30BaHUS cMmecei TBuHOB ¢ aHmoHHBIM [IAB cymnpdanomom B
Ka4ecTBE AEIMYJIbTUPYIOLINX PEareHTOB Ul 00e3BOKUBAHUS HEPTH.

KaroueBble cioBa: TEPMOXUMHUYECKOE ICOMYJIBIMPOBAHUEC, HCUOHHBLIC MOBCPXHOCTHO-AKTHBHBLIC BEIICCTBA,
Teun-20, TBuH-80, cynbdhanoi, BOTOHEPTIHBIC IMYIIbCUH, PA3PYIICHHE HEPTIHBIX IMYIIbCHI.
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Beenenue

Bononedtsasie amMynbcunu (MUKPOTETEPOTeHHBIE W YIBTPAIMCIIEPCHBIE KAl BOZBI, B3BEIICHHBIE B
ceIpoii He(h)TH) 00pa3yroTCs B pe3yjbTare M00bIYM HE(PTH. Y CTOWYHMBOCTH BOJOHE(TSIHBIX 3MYJIbCUH
MOYET BapbHPOBATHCS OT HECKOJIBKUX MUHYT 0 HECKOJNBKHX JIET M 3aBHCUT OT MECTOPOXKACHHUS HEPTH U
(U3MKO-XUMUYECKHX XapakTepucTuk Hedtu [1, 2]. PaspymieHueHeTIHBIX dMYIIbCUI SBISETCS BajKHOM
YacThIO MOATOTOBKH HE(PTH K ImepepaboTKe, IOATOMY pa3padoTKa HOBBIX JIEAMYIBIUPYIONIINX KOMITO3HIINI
ABJISIECTCS aKTyallbHOM npobnemoit muist Pecrrybnmku Kazaxcras.

OMynbcuU CBIpOH He(TH MOIKHBI OBITh pa3pylIeHbl, TaK KaK OHW W3-3a HaJW4YUs BOIBI U
PacTBOPEHHBIX B HEHl XJIOPHIIOB, BBI3BIBAIOT KOPPO3HIO TPYOOIIPOBOAOB, O0OOPYIOBAHUS, UCTIOIH3YyEMOTO
JUIsl TiepepabOTK He(TH, BBHIKHITIAHUE HE(TH MpPU MEPEeroHKe, YTO BHI3HIBACT YBEIHMUCHHE CTOUMOCTH
TPaHCIIOPTUPOBKU U TepepaboTku Hedtu. Kpome Toro, Hammuue >MyJIbTHPOBAHHON BOZBI BBI3BIBAET
W3MCHCHHS CBOMCTB CHIPON He(DTH, TAKUX KaK BSI3KOCTh, IUIOTHOCTH | 1p. [3].

Hamnbonee ucnonbp3yeMbIMH JEIMYJBraTopamMH Ui Pa3pylIeHUsT HEQTSHBIX SMYIbCHH SBISFOTCS
BBICOKOMOJIEKYJIIpDHbIE HEHOHHBIENOBEpXHOCTHO-akTHBHBIe BemecTtBa (HIIAB). Takue IIAB garot
XOPOIIUH JeIMYIBTUPYIOMUN 3PPEKT U HEe OCTABISIFOT HUKAKUX IMPOTUBOMOHOB B CHIpOW He(TH U
Hedrenpomykrax. Monekyibl HeHOHHBIXIIAB ¢ OonbmuM 9ucIioM THAPO(DHIEHBIX TPYII MOKA3hIBAIOT
XOPOIIYIO JE3MYJIBIUPYIOIIYIO CLIOCOOHOCTD [4].

B mnacrosmielr pabore mns mombopa BBICOKO3(D(EKTHBHBIX eCTaOUIN3aTOPOB BOJOHE(MTIHBIX
OMYJIBCHH C ONITUMAIBHBIM COCTaBOM U MPHPOION KOMIIO3UIIMOHHBIX KOMITOHEHTOB OBLIH MCTIOJIH30BAHBI
mosucopOaTel, WJIM TaK Ha3blBaeMble TBHHBI, KOTOpbIE OTHOCATCS K mosuMepHbiM [IAB. Teuns
NPEACTaBIAIOT  CO0OM  BSA3KHME,  MACHSAHUCTBIE  KUOKOCTH U SIBISIIOTCS  MPOU3BOTHBIMH
MONUATHIICHIJIUKOJIEH — COpOMTaHa’TepUUIIMPOBAHHOTO JKUPHBIMH KucioTamMu. [ wnpoduibHbie
cBoiictBa TBuHam oOecneunBaroT rpymnmnsl okucu 3tuneHoB —(CH,CH,O)— u momusdup kapOoHOBOM
KHCIIOTHI, a JUMOQUIbHBIE cBoWcTBa — monucopoutad. Jannsie HITAB mcmonbs3yrorcss Ha NpakTHKE B
OCHOBHOM JJIsl CTa0MIIM3alliU SMYJIbCHU Macjio-BOJa, CIENOBATEIbHO, OBLTO MPEINOIO0KEHO YTO TaKhe
HITAB wmoryt O®ITh 3(h(EKTUBHBI IS pa3pylIeHHs SMYJIbCHH BOIBI B Macjie, T.€. MOTYT OBITh
WCIIOJIb30BAHbI JUIsl pa3pylIeHHUsT BONOHE(DTIHBIX dMYJIbCH. [lonnMepHbIe NeIMyIBraToOphl C JOBOJBHO
BbIcCOKMMU 3HaueHusAMH ['JIb MoryT agcopOupoBaThest Ha Mex(a3HOH IpaHUIe BoJa-HEPTh U Pa3pyIIUTh
anCOpOITMOHHEIHN cIToit sMybpratopos|[ 1, 5]. IIpucyTcTBre pa3BuToi THAPOPUIEHON YacTH CIIOCOOCTBYET
OonplIeMy OTIEJICHUIO BOABI W3 HePTU. TBUHBI HMEIOT MOAXOASIIUHA THAPOPHUIHHO-TUITOPIHHBIA
OanmaHc n3-3a OOJNBLIOTO YHCIA OKUCEH STHIICHOB. OKCHITHUIMPOBAHHBIC TPYMIBI B3aMMOJACHCTBYIOT C
BOJHO# (pa3oii 3a cueT BOJOPOTHBIX CBSI3€H M 00ECTIEUMBAIOT CHIBHYIO THAPO(UIBHYIO YacTh MOJIEKYJIe
ITAB.

B pabotax [6, 7] mokazaHO, YTO BBICOKasi MOJICKYJISIpHAs Macca, yBeTUUYEHHE YUCIa THIPOKCHIBHBIX
areHTOB M [POLEHTAa HEUOHHBIX MOJUMEPOB B KOMIO3ULUSAX JAE€IMYJIbraTOpPOB  YIIydllIaeT
nesmynerupytomee aeiictsue [TAB. MccmenoBanus nmokasanu, 9yto yBenmdeHne uncia ['JIb addexTusHO
st geamynerupoBanus [8]. Tak kak Teuabl mMeroT Bbicokoe 3HadeHue ['JIb, oHM, BeposSTHO, MOTYT
CHOCOOCTBOBAThH Pa3pyLICHUIO SMYJIbCHU BOJBI B CHIpOW HePTH.

B nacTosiiiee BpeMsa HEIOCTaTOYHO MCCIIEIOBAHUMN 1O JIEAIMYJIBIUPYIONIEMY NeUCTBHUIO TBUHOB U UX
KOMIO3WIMKA [JIs1 pa3pylIieHus HEPTSIHBIX OSMYJIbCHUH MECTHBIX MECTOPOKIACHHUH, HCIBITHIBAIOIINX
HEIOCTaTOK B 3()(heKTUBHBIX AEIMYNIbraTopax.

IKCNepUMEHTAIbHAN YaCTh

s uccnenoBanus neaMynbprupoBanus Obun ucrnoib3oBanbl HITAB Teun 20 u Tun 80 1 aHHOHHOE
MMOBEPXHOCTHO-aKTHBHOE BeecTBO(AIIAB) cynmsdanom.

TBuH-20 — monmokcmdTHieH (20) copburtan monomaypar, CsgHi140.. TBUH-80 —TmmonmmOKCHITHUIICH
(20) copouran monooneat, CeqH 2405.

Cynbdanoun, npeacrasisier co00i cMech N30MEPOB HATPUEBBIX COJIel alTKMIOEH30JICYIb()OKUCIOT, C
o6meit popmyion R-CsHsNaO;S, riae R pagukan coorBercTByromuit obrien popmyne C,Hyyuei, Toe n=14-
18.

JIyisl MpUrOTOBIICHUST MOJICIHON SMYJILCHU BOJa-HE(Th ObLIA MCMOIb30BaHA HEPTh MECTOPOXKICHHUS
Ceepo-3amanubiii Konbic.beumn onpeneneHs! ee GU3NKO-XUMHUIECKUE CBOMCTBA He(PTH: IIIOTHOCTH (833
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KI/M’), coflepKaHue XJIOpHCTHIX coneit (1,5 mMr/m), Mexannueckux npumeceii (0,067 %), conepikanue cephl
(0,163 %)[9].

OOpatHble SMyIbcHM BOAa-HE(Th OBLIM TPUTOTOBIICHBI MyTEM CMEIIMBaHHUS Oe3BOAHOW HedTH
Mecropoxaenust CeBepo-3ananueiii KoHbICC AUCTHIIMPOBAHON BOJAOM C MOITYYEHHUEM SMYJIBCHH C
KOHIIeHTpanmel Bogao# ¢azbl 30%, 40%, 50%, 60 % (o0bemH.). Bognas dasa cogepxana 20 % xmopuna
HaTpusa. OMYJBTHPOBaHHWE OBUTO TpoOBeAeHO mpu momomtu TomoreHmzaropa IKAT 10 basicUltra-
Turax(I'epmanust) npu ckopoctu 10000 rpm B Tedenue 30 MuHyT. [lOATOTOBIEHHYIO 3MYJIBCHIO
OCTaBISUIM Ha HENENI0 Ui CTa0WIM3allid TIOCPEICTBOM  aJCOPOIMH  TMOBEPXHOCTHO-aKTHBHBIX
KOMIIOHEHTOB, BXOJAIINX B COCTaB CHIPOH He(TH. YBENWYCHHE BPEMEHH IIEPEeMEIINBAaHUS U YHCIa
000pOTOB MIEPEMEIIINBAHMS HE 0KA3aJI0 3HAYUTEIIFHOTO BIUSHNC HA YCTONYHBOCTD HE(PTSIHBIX IMYIBCHI.

W3MmepeHre KMHEMAaTUYECKOWBS3KOCTH HE(PTSIHBIX 3MYJIBCUH MPOBOJIWIH C MOMOIIBIO CTCKJISTHHBIX
BH3KO3UMETPOB [T HE(PTH U HEPTETIPOTYKTOB IT0 BpEMEHH NCTEUYCHUS HEPTSIHON 3MYIbCHH.

JucniepcHOCTh BOJIHBIX Kamlelbh Oblia OMpeeieHa P MOMOIMM ONTHYEeCKOro MUKpockoma. Karrio
He()TH TIOMEIIATN Ha CTEKISHHYIO IUIACTHHY M PacHpelelisuli Ha e¢ MOBepXHOCTH. M300paxeHus ObLTH
MONTy4eHbl ¢ TMoMolIplo MuKpockomna «Leica DM6000M» B HammoHanmbHOW HAHOTEXHOJOTHYECKOM
nmabopatopuu KazHY nmenn anb-Dapadwu.

Jnst onpeneneHus AedIMYJIBCHPYIOMEH CHOCOOHOCTH AedMyibraropa 50 Mia HeTH MOMEIIand B
TpagyHpOBaHHYIO MPOOUPKY, MOOABISNIM C TOMOIIBI0 MHKPOA03aTOpa HEOOXOIUMOE KOJIUYECTBO
JIeAMYJIbraTopa M MEePEeMEIINBalid MMOCPEACTBOM TOMOTeHH3aTopa B TedeHue 5 MuH npu 10000 o6/muH.
3aTeM MPOOMPKY yCTaHaBJIMBAIIM B TepMocTat pH temieparype 40-60°C u onpenessiiy yepe3 Kaxabie 10
MUH 00bEM BhIJIENUBIICHCS BOABI. OHOBPEMEHHO BU3yallbHO OIICHUBAIM WHTCHCHBHOCTH OKPAIIUBAHUS
BOJIHOTO CIIOSI ¥ Y€TKOCTh TPAHUIIBI TOBEPXHOCTH pa3zena ¢as.

Pe3yabTaThl U MX 00CyKAEeHUS

Jinst u3ydeHust pa3pytieHust HeTSHBIX 3MYJIBCHHA OBIIIM TOTy4eHBl MOJEIBHBIE SMYJIbCUU HA OCHOBE
Heptn MecropoxnaeHus Ceepo-3amannbiii Konbic. MopenbHble 3MYJBCHM HMETH  Pa3IndHOE
conepkanme aucriepcHoit daszer oT 30% mo 60% (oOvemH.). [laHHBIM KOHIEHTpAIwsIM BOJHOH (hazbl
HCKYCCTBEHHBIX dMYJbCHH COOTBETCTBYET OOBOAHEHHOCTH CHIPOM He(TH MecTopokacHui KazaxcraHa B
pe3ynbpTaTe UINTENBHOM SKCIUTyaTallMd CKBAKUH. YBEIMUYEHHE COJEP)KaHUS BOABI TaKKe MOMOTaeT
MOJEIUPOBATh HEMTIHBIC IMYJIBCUU C PA3ITMUHOHN BSI3KOCTBIO.

i /
2 /

K * 10%, m?/c
w

0 10 20 30 40 50 60 70

Bopga, %

PrcyHOK 1— 3aBHCHMOCTH KHHEMATHUCCKON BSI3KOCTH He(TAHOM SMYITBCHE OT cofepKamms Boxsl. T=20°C

Omynbcnu ¢ cogepxkanneM Boasl 10% u 20% 1o BA3KOCTH OJIM3KH K MCXOMHOW HE(TH. Y BeTUYCHUE
coneprkanus Boasl B HeTH 10 50 % - 60 % cymiecTBeHHO CKa3bIBaeTCs Ha BI3KOCTH amyiberun. st 60 %
BSI3KOCTh Bo3pacrtaeT B 50 pa3 Mo CpaBHEHHUIO C UCXOAHON HEPTHIO.
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W3BecTHO, YTO OCHOBHBIMH IPHPOIHBIMH CTaOWiIH3aTopaMu He(PTH SBISIOTCS — Ha(TEHOBBIE
KHCJIOTBI, KHPHbIC KapOOHOBBIE KHCIOTHI M WX COJNH, ac(aibTeHBlI, CMOIIbI, BBICOKOMOJIECKYJISIPHbIC
napadussl [10, 11]. AHanu3 KOMIOHEeHTOB HePTH (ac(hanbTEHOB, CMOJ U TApaAQUHOB), KOTOPBIE SIBIISIOTCS
NPUPOAHBIMU cTabunu3aTopamMd He(TH MOKa3aj, 4TO HcciexyeMass He(dTb CHOcOoOHa OOpa30OBHIBATH
CTaOUIIbHBIE HEPTIHBIC IMYIbCHH [9],Janubie oucnepcuonnozo ananusza 06pasyo8 MoOeibHbX IMYAbCULL
MEMOOOM ONMULECKOU MUKPOCKONUL OMHOCSIM NOTYYEHHbLE HePMAHBLE IMYTbCUU K METKOOUCNEPCHBIM, 8
KOMOopwIX 2100yibl  8OOHBIX Kanelb He CeOuMeHmupylom nood oelicmeuem cuivl msicecmu. Jns
BOJOHE(PTSIHBIX 3MYJbCHH XapakTepHBI Karuid cdepudeckod (GopMBl M MOIHIUCIEPCHOCTH, pa3Mep
Kareib Bojbl koiebiercs ot 0,91 MM o 19,1 MM (pucysok 2). [Ipu noBeIIeHnn copepikaHus BOIBI B
UCCIIelyeMbIX IMYJIbCUSIX HAOIIOMAETCs YBEIHMUCHNE CPEAHETrO JHaMeTpa Karellb. YBelIHueHHe pa3MepoB
Kariejab BOJIbl B OMYJIbCHSIX, CBI3aHHOE C TIOBBIIIEHUEM HX 00OBOIHEHHOCTH, MOXKET PUBECTH K CHIDKEHUIO
YCTOWYMBOCTH dSMynbcuil. OmHako, "Xor00wwuii omcmoul”, m.e. omcmausanue 0e3 HazpesaHus, U
mepmuyeckoe paspyuierue Hepmsnoix smyavcutl om 40-60°C ne npuseno k omoenenuro 600bl.

a) —30% a — 30%; ©0) — 40%; B) — 50%; r) — 60%

Pucynok 2— Mukpodortorpaduu HedTsIHON IMyIIbCHH ¢ pa3HON KOHIEHTparmei Boas! (Macurrad 100 Mxm)

Jia m3yuenus neomynerupytomiero aevictsus TeuHOB 1% Bomubiii pactBopoB HITAB Obu1 BBeieH B
MOJICTIBHYI0 AMYJIbCHIO KOJMUECTBOM 1 MJI, BOTOHE(PTIHYIO SMYJILCHIO C ICOIMYJIBraTOPOM MIEPEMEIITUBATIH
B TE€UYEHHUE 5 MUH C TIOMOIIIbI0 TOMOTEHU3aTOopa.

Beenenne 1% Bomubix pactBopoB Teuu-20 u Teuu-80, mokaszano, uro mpu 40°C u 50°C
BOJIOOT/ICJICHHSI HE TPOMCXOIUT. YBENIUUeHHe Temrepatypsl 10 60°C mpuBeIo K OTIEICHHIO BOIBI YKE
gyepe3 10 MUHYT ¥ JOCTUTIIO MTOCTOSHHOTO 3HAa4YeHUs yepe3 120 MUHYT HaOIIOACHNUS.

YBenuueHne KOHIICHTPAIMHA AWUCIIEPCHOW (ha3bl MOKA3aio YBEIWYEHHE IPOIEHTA BOIOOTIEICHUS.
st 60% sMynbcun cTeneHb BOAOOTAEIeHUs focturia 63 %.

Crenens Bopootaenenus st TBuH 80 Obuta HUXke, 0koi0 12 % i ucciieyeMbIX BOJHOHE(DTIHBIX
9MYJbCHUI Yepe3 Takoe ke BpeMs HabmoaeHus. bonbinee nesmynsrupytomee aeicrsue TBuH-20 MoxeT
OBITH OOBSACHEHO pa3HUICH B Mek(a3HOH aKTUBHOCTH Ha TpaHHIEC pas3jena Boja-HEPTh, a TakkKe B
runpoduIbHO-TunopuIsHOM Oanance ux monekyn (I'JIb mnst Teun- 20 paBro 16,7, a mis TBuH-80 —
15,0)[5].Yem BoImIe HOMEp monrcopodara, TeM 3Hadenue ero I'JIb (ruapoduabHO-THIO(PHIBHOTO OanaHca)
CTaHOBUTCSI MEHBIIIE, T.€. CHIDKAETCS CIOCOOHOCTh K Pa3pyIIeHHIO0 CTaOMIIBHBIX SMYJBCHI BOJa/Macio.
HecmoTpsi Ha HEBbICOKME 3HAu€HMS pa3pylIAOIET0 JEHCTBUS, HCIOJAb30BaHWE TBUHOB Jid
JIEAMYJIBTUPOBaHUS ObLIO UHTEPECHO, TaK KaK OHU UMCIOT HATYPaJbHOE MPOUCXOXKICHHE, T.K. OCHOBAHBI
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Ha copbute (MHaye — COpOUTOJI, IIIFOLUT — BEILIECTBO, YACTO MPUMEHSIEMOE B KaUeCTBE 3aMEHUTENS caxapa
B JTUETUYECKUX MPOAYKTAX, IOIYydarOT ero U3 GpyKTOB, YACTO U3 KOCTOYEK IJIOZOB) M >KUPHBIX KUCIIOTAX
n3 0a30BBIX Macell: KOKocoBoro — TBuH-20, onuBkoBoro — TBuH-80. TBHHBEI 00J1aJal0T CBOMCTBOM JIETKO
pasnaraTthCsi B TNPHPOJHBIX Cpelax, YTO, BEPOSTHO, He OyAeT BBI3bIBATh YyXYIIICHHS KauecTBa
oOpabaTeiBaeMoil HeTH, Kak TpU BO3IEHCTBUH APYTMMH XUMHUeCKUMHU peareHTamu[12]. Kpome Toro,
OBUIO MHTEPECHO HCCIIENO0BaTh AeIMYJIbIUpyolee AeHCTBIEe TBUHOB, TaK KaK B UX COCTaBE COAEPIKUTCA
JOCTaTOYHO OOJBIIOE KOJMYECTBO IPYMI OKCHIOB 3THJICHOB, Yncio ux B TBuHax paBHo 20. To ecTh, Kak
ObUIO yKa3aHO BBIIE OHUM OONAaZarOT Pa3sBUTON THUAPOMUIBHONW YacThlO, CIIOCOOHOM NPOHUKATh B
Mex(ha3HBIN CIIOH BOKPYT TIIOOYIIBI BOBI.

70

60
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. 40
N ——60%
= 30 50%
—e—40%

20
—e—30%

10

0

0 20 40 60 8 100 120 140
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Pucynok 3— KonndyecTBo OTAENIUBILEHCS BOJBI U3 HEPTSHBIX SMYJILCHI PA3IMYHON KOHLICHTPAIINU
IIpY JOOABJICHUH B Ka4eCTBE JIedMyJIbraTopa BOJHOro pactsopa TBuH-20.
T=60°C

Veenuuenue temneparypsl 10 60°C IpUBOIUT K YMEHBIIEHHIO BA3KOCTH HEPTAHOMN CPEIbl, a TAKKE K
YBEIIMUCHHUIO PA3HOCTH IUIOTHOCTH JUCHEPCHOW (a3bl M JTUCHEPCUOHHOM Cpeibl, 4TO o0Jjerdaer
KOQJICCI[CHIINIO TJIO0YJ BOABI MPU HMX CTOJKHOBEHWHU corjacHO 3akoHy Crokca.OmHako, AanmbHEiinee
YBEITMUICHHIE TEMITEPATyPhI C IEJIBIO MTOBHITIICHHS BOIOOTACICHHS HE I1E€7eCO00pa3Ho, TaK KaK dTO MOXKET
MPUBECTH K YJICTYYMBAHUIO JIETKUX (PpaKIui HEPTH.

Bruto  um3ydeHo JeaMynbrupylomiee  AcicTBAE  KOMIO3WIMH TBHHOB € aHMOHAKTHUBHBIM
MMOBEPXHOCTHO-aKTBHBIM BellecTBOM cyib(hanonoM.Cynbdanon sBisiercs: 6onee ruapodunsasiM [TAB mo
cpauenuto ¢ HITAB, mostomy mist yBenmwdeHHs THIApomIEHO-TUTTOGMIFHOTO 0OanaHca OBLIO
WCCIICJIOBAHO JCIMYJIbIUpYIOIIee JeicTBre KoMIo3uimu TBUH — cyibdanon. Kpome Toro,cynnhanon
OTHOCUTCA K JOCTATOYHO JOCTYMHBIM TeXHH4YeCcKUM aHHOHHbIM I[IAB. Kommnosumus TBun 20 —
cynb(aHo OblIa UCIIOIB30BaHa B cooTHOMICHNH 1:1 (00BeMH.).

Ilpy KOMHATHOM TeMIeparype M MpH MOBbIIeHHH Temmeparypsl 10 40°C B NpHCYTCTBUH
kommnosunuu HITAB-ATIAB BomooTneneHust Takxke, Kak U B CiIy4ae UHAUBUIyaNbHBIX TBUH-20 u TBUH-
80 e nHabmonanock. Haunnas ¢ 50°C, yxe uepe3 10 MHHYT OTCTaUBaHUS CTEIEHL 00€3BOKUBAHUSA OblIa
pasna 60% u mocturna 95,24% s 30-50% BogoHePTAHBIX SMYyJbcuii mocne 100 MuHyT 06pabdotku. [Ipu
60°C mis 30-50% AMYJILCUI MaKCUMallbHasi CTeneHb oOe3BokuBanus 97,01%, a ans 60% smynbcun —
83,96% (pucyHok 4).

Jnst kommosunmu TBUH - cynmbdanon B ornudue oT WHauBHAyanbHbIX HITAB, BumHO, uTo 60%
SMYJBCUHM HMeEET 0oJiee HHM3KYHO CTCIEHb JICTHIpaTallid, YeM BOJOHE(TAHBIC AMYJIbCHH C MCHbIICH
KOHIICHTpaIrel BOJAHOM (a3bl.
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Pucynok 4— Crenenp 00€3BOXKHBaHHSA HEPTSIHBIX IMYJIBCHIA PA3THYHON KOHLIEHTPALUH
B nprcycTBUN Kommosutmu Teun-20 — cynsdanon. T =60°C

Js Bomubix cmecedd TBur 80 — cynb(aHON CTENEHb BOMOOTACICHUS IPU 50°C mia 30-40%
SMyJbCUM CTENeHb paspymieHus paBHa 78,43%. A mma 60% osmynscum W=63,43% mnpu 370l ke
temmeparype. Ilpu yBemuuenun Temmeparypbl a0 60°C mis BOAHOHE(TAHBIX dMydbcmit 30-40%
MacKUMallbHasg CTeleHb 00e3BokuBaHUA cocraBmia 82,09% u 75,63% coorBercTBeHHO, mi1d 60%
aMynbeun — 59,7% (puUcyHOK 5).

] 20 40 &0 BD 100 120 140 160

t, mmH

——30% ——4a0% 50% ——00%

Pucynox 5— Crenenb 06€3B0XHBaHMS HEPTSHBIX SMYJIBCHI Pa3IMYHON KOHIICHTPAUH
B pucycTBUN Kommosurmu Teun-80 — cynsdanon. T =60°C

Cwmech TBuH-20 — cynbdaHoa MOKa3bIBaeT OOJIbIIEE ACOMYIIbTUpYIOLIee JIeiicTBUE Ha BOZOHE(TIHBIC
9MYJbCUH, KaK U B ciiydae MHAUBHIYadbHBIX HIIAB. DT0 MoeT OBITH CBsI3aHO ¢ Oouibliel Mex(a3HOi
aktuBHOCTBI0 TBHH-20, o cpaBHeHno ¢ TBuH-80. Cmech IIAB TBuH-20 — cynbdaHOoN OKa3bIBaeT
aAIUTHBHOE [E3MYJIbTUpYIOIlee ACHCTBHE I AecTaOWIn3aluy 3MYJIbCUH, BCIIEACTBHE BBITECHEHMS
MPUPOAHBIX CTAOMIN3aTOPOB HEPTAHBIX AMYIBCHI ¢ MeK(pa3zHOTO ciosl BoAa / HeTh.

3akiouenne

boun  ompeneneHbl ONTHMAajbHBIE YCIOBUS TEPMOXMMHUYECKOTO OTCTaMBaHHUS B IPUCYTCTBUHU
HenoHHbIX [IAB (TBuH-20, TBHH-80) ¢ cpaBHHUTENBHO BBICOKMMH 3HaueHusiMu [JIb m ux cmeceit c
annoHHbIM [IAB cynbdanonom. Mcmonp3oBanne TBuH-20 s paspylneHHs HEPTSHBIX SMYIbCHA HE
npeBbicHIo 63% tpu Temmepatype 06padorku 60°C. Crenenp o6e3BokuBanus 11t TBUH-80 ObUTa HUXKE,
okos10 12 % nast 50% BogoHEPTAHON IMYIIECHH.
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brino uccnenosano aesmynsrupytomiee aericreue cmecu 1% Boaubix pactsopoB HIIAB u AITAB B
cootHommeHnH 1:1 (00BeMH.). MakcuMalTbHas IeIMyIbcarusl Oblia oOHapyKeHa I KOMIO3UITMN TBUH
20 — cynbdanon B cootHomenun 1:1 (06wemn.) mpu 60°C u paBHa 97,01% nociie 100 MUHYT OTCTaUBaHUS
JUTSE. BOIOHE(TSHBIX 3MYyJbCUH ¢ cojepxaHueMm Bonuel B Hedtu 30-50%. I[lokasaHa BO3MOXKHOCTh
ucnonp3oBanus cMmeceil TBuHOB ¢ aHmoHHBIM [IAB cynbdanomom B kadecTBe AEIMYIBIHPYIOIIAX
peareHToB TS 00€3BOKUBAHUS HE(DTH.

BaaroaapHoctb

Jannas paboTa sBJsIeTCS 4aCThIO HayYHO-HCCIIEI0BaTeIbCKOTro poekTa, punancupyemoro MOH PK
o porosopy Ne 41 ot 12. 02. 2015 rona o npuoputery: 1. “PannoHansHOE HCIIONB30BaHUE TPUPOJHBIX
pecypcoB, TepepadoTKa ChIphs M NPOAYKIMH O Teme: "Pa3paboTka HedMyJbraToOpoB Ha OCHOBE
KOMITO3UIIMI HU3KO- M BEICOKOMOJIEKYJISIPHBIX [IAB muist paszpyiieHust BOTOHe(QTSHBIX AIMYIbCHIA".
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On-Qapabdu areiHaarel Kazak YITTHIK YHUBEPCHUTETI

MOJIEJBIAI MYHAN SMYJIbCUSJIAPBIHA HOH]IbI EMEC BA3 TBUH-20
KOHE TBHUH-80-HIH, JEDMYJIbCHUSAJIAY 9CEPI

AnHotauus.MyHalinel eHIeyre nalblHIAyJa MyHald OSMYyJNbCHSUIApBIH OY3y MaHBI3ABI OOJFaHIBIKTaH
Kazakcran PecmyOmukacel yoIiH »aHa AeIMYJIbCHSIIAYIIBI KOMIIOZUIMSUIApABl JKacay ©3€KTi Mocele OOJbIn
taObuiansl. XKorapsl ['JIb monine ue nonasl emec bA3 TuH-20 xone TBUH-80-HIH IeaMyJIbCUsIay 9cepi 3epTTEIL.
TepMOXUMHSLIIBIK OHICYI 3epTTey YIIiH cynbl (a3a xoHueHntpauusapsl 30%, 40%, 50%, 60 % (xei.) OonarbiH
MOJIEI/II MyHal AMYJIbCHSAIAPhl KOJIAHbULIbl. MyHall 3MyJIbCHUSICBIHBIH CyChI3[any nopexeci TBuH-20 KaThIChIHAA
60°C-na 63%-nan acnianpl. Teud-20, TBuH-80 sxoHe anuoHabl BA3 cynbdanon 1:1 (kei) KaTblHACTAFbI
KocnajJapAblH KaTbICbIHAAFbl TCPMOXUMUAIIBIK TYHABIPYAbLIH OINTUMAJIAbI IHApTTApbl aHBIKTAJIAbI. TBua-20 Men
aanouabl BA3 cynbganoin 1:1 (kell.) KaTbIHACTAFBI KOMITO3UIIMSICEI MAKCHMAIJIBI JCIMYITbCHSIIAYIBI KOPCETE I )KOHE
30-50% cysl Gap MyHaii smyabcustiapbiaa 60°C 100 MunyT TyHABIpYAaH keiin 97,01%-ra TeH ekeHi TaObLIIBL.
Jeamynerupieynri peareHtTep perine Teunnepain annoHasl BA3 cynbhaHoIMeH KocnalapbelH KOJIIaHyFa O00aThIH
MYMKIHJIIT1 KOPCeTLIIi.

Tyi#lin ce3nep: TEPMOXUMUSIBIK [€IMYJIbCUIAY, HOHABI eMmec OeTTik-akTuBTi 3aTTap, TBUH-20, TBHH-80,
CyIb(haHOI, Cy-MYHAIITBI AIMYJIbCHSIIAP, MYHAH SMyITBCHSIIAPEIH 0Y3Y.
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INFLUENCE OF CUPROIONS ON COPPER POWDERS
FORMATION IN ELECTROREFINING OF COPPER

Abstract. The purpose of this work was to determine the ways of copper powders forming penetrating into the
sludge when copper is produced by electro-refining. Our studies were carried out by electrolysis in galvanostatic
conditions and by potential measurements using Autolab PGSTAT 302 potentiostate. The temperature varied
between 25 and 75° C. Copper ions concentration in solutions after electrolysis was determined by potentiometric
titration.

It is shown that copper ions (II) in sulfuric acid solutions in the presence of titanium (III) ions are reduced to
form elemental copper in powder, forms and sizes of particles in copper powders are determined by the electron
microscopic method.

Results of study showed an assumptions about possibility of forming powders due to mechanical shedding
during anodic copper dissolution are not confirmed.

Our studies results allow us to conclude that the anode potential rises, then decreases, therefore, it constantly
fluctuates and leads to copper powders formation at this time. Cuproions’s concentration depends on copper
electrode potential and its oscillation can promote a shift in the equilibrium of Cu” <> Cu * + e reaction to the right or
to the left. In industrial conditions, the value of the current in the circuit and the temperature of electrolyte can not be
kept constant. For this reason, there is a periodic anode potential oscillation with different frequency amplitude.
When anode potential is shifted to negative region, it is possible to form a copper powder according to an above
reaction.

However, the formed copper atoms can not penetrate into crystal lattice of the anode. As a result, finely
dispersed copper powders are formed on the electrode surface; they gradually pass into the solution and then
penetrate into sludge.

For the first time, on the basis of study and analysis results, a mechanism is established for copper powders
formation penetrating into the sludge composition during the electro-refining of copper. It is shown that the
formation of copper powders, their penetration into the sludge composition, is mainly directly related to the
oscillation of anode potential in electrolysis process and formation of various potential values at various sites of the
electrode surface.

Key words: copper, powder, cuproion, sludge, refining, potential, electrolysis, anode, cathode, electrolyte,
reduction.
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DJIEKTPOPA®UHALUAJIAY KE3IHJAE MbIC YHTAKTAPBIHBIH TY3IUIYIHE
KYITPOUHIAPABIH OCEPI
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AnHOTauus. By KYMBICTBIH MaKcaThl MBICTHI 3JIEKTpopadUHALNNS OAiCiMEH aly Ke3iHAe NuilaM KypambIHa
OTETIH MbIC YHTAFBIHBIH TY3L1y JKOJIAPbIH aHBIKTAy OOJBIN TaObLIa/Ibl. 3ePTTEYIIEp ralbBaHOCTATUKAIIBIK XKaF/aiina
ANIEKTPONH3 JKYpri3y apkeuisl xoHe Autolab PGSTAT 302 moTeHmmocTaThl KOMETIMEH IOTCHIHANIAP OIIIey
omicimen xyprisinai. Temmeparypa 25-75°C apanbIFblHaa ©3repTini. DIeKTPOIH3IeH KeHiHTi epiTiHinepaeri Mpic
MOH/IaPbIHBIH KOHLEHTPAIUACHl MOTEHIHOMETPUSUIBIK TUTpIiey ojiciMeH aHbIKTangsl. Mbic (II) moHmapbiHbIH
KYKIPTKBIIKbULABL epiTinainepae tutan (III) noHIapbhlHBIH KaThICHIHIA TOTBIKCHI3AHBII, 3JIEMEHTTI MBIC - YHTaK
Ky#iHzae Ty3ureTini kepcerinai. Ty3UIreH MbIC YHTaKTapbIHbIH OeJIeKTepiHiH (OpMachl, eJmeMaepi IEKTPOHIBIK
MHUKPOCKOIIHS 9/IiCIMEH aHBIKTAJ/Ibl. 3€PTTEY HOTHXKENIEPl YHTAKTapAblH aHOATHIH epyl Ke3iHlle MEXaHUKAIIBIK YTy
cayiJapbIHAH TY311yl Typasbl 00/KaM pacTaaMabl.

Bi3ginH ToxipubenepimMizaiH HOTHXKEIEPl aHO MOTCHIMAIBIHBIH XKOFapbUIall, TOMEHICY1 JeMEK, OHBIH aybITKYBI
MBIC YHTaKTapbIHBIH COJ COTTEC TY3UIyiHE OKCNETIHIIr »KaibIHIA KOPBITBIHIBI JKacayFa MYMKIHIIK Oepeni.
KyIpoHOHIap/IblH KOHIEHTPALMACH! MBIC SIEKTPOIBIHBIH TOTEHIMAIBIHA TOYeIIi xKoHe OHBIH aybiTKybl Cu’e> Cu’
+ e peaKUUsACHIHBIH TeTe-TeHIITIH OHFa HEMece COJIFa BIFBICTRIPYBI MYMKiH. OHIIpICTIK KaFmaiaa Ti30eKTeri TOKTHIH
MOJIIIEPIH KIHE MEKTPOIUT TeMIEPATypachlH TYPAKThl TypAe ycTam Typy MyMkin emec. Con ceOenTeH aHOATaFbl
MOTEHIMAN 9P COTTE€ MEPUOATHI TYPIAE OPTYPIi AaMIUTUTyJaMeH OeNrili MOHIe AaybITKbI TYpaabl. AHOATBHIH
MOTEHIUAJIBI TePIC KaKKa Kapall bIFBICKAH COTTE YKOFAPhIIa KOPCETUITeH peakiys OOMbIHIIA MBIC YHTAFBIHBIH TY31L1y
MYMKIH/Ir TYbIHAAWHABL. Bipak Ty3iireH MbIC aTOMAApbl aHOATBHIH KPUCTAIIBIK TOPbIHA KIpiM, OpHAaNaca ajaMaiibl.
OCBIHBIH callapbiHaH 3JIEKTPo,] OeTiHe HaIIap KaObICKaH Maiia AUCIIEPCTI MBIC YHTAFbI TY3UIedl, COAaH KeHiH oap
OipTiHZEN epiTiHAire Kemei Jie, COHbIH/IA IJIaM KypaMbIHa OTe/I].

AunFamn per 3eprTey JKoHe Tajjay HOTWKeNepl Heri3iHiae MbICThI paduHauusuiay Ke3iHJe IuiaM KypamblHa
OTETIH MBIC YHTAFbIHBIH TY31y MEXaHMU3Mi aHBIKTAIAbI. MBIC YHTAKTAPBIHBIH Haiia OO0k, TYHOAFa TYCIM, Iiam
KypaMbIHa ©Tyi — HETI3iHCH, 3JIEKTPOJM3 KE3iHJeri aHOJ[ MOTCHIMATIBIHBIH AyBITKBII TYPYBIMEH XOHE AJICKTPOJ
OeTiHeTi op ayMaKTa dpTYpIIi MOTEHIMAIIAPIbIH KaJIbIITACYBIMCH TiKeJeH OalIlaHbICTHI CKeHI KOPCETLUIII.

KiaT ce3mep: MbIC, YHTaK, KyIIPOUOH, IIJIaM, paduHALUs, HOTSHIHAN, JEKTPOJIN3, aHOJ, KATOJ, IEKTPOIHT,
TOTBIKCBI3/IAHY .

Kipicme. [JocTypmi KanpImTackaH TEXHOJIOTHSUIAp OOMBIHINA MUPOMETAILTYPIHSUIBIK OICTICH ajbIHFaH
Kapa MBICTBIH 90%-TeH acTaMbl 3JIeKTpopadHUHALUSA MPOLECTEPi apKbUIBI Ta3alaHBIN, HOTIKECIHIE
99,9%-1eH >koFapbl Ta3zaJbIKTarbl MeTaul anbiHangbl [1-10]. MBICTEI 3MEKTPONUTTIK paduHALUSIIAY
Ke3iHIE CHPEK >KOHE Oarajbsl METayap epiTiHmire oTIel, KOCBUIBIC TYPIHAE AIICKTPONHM3EPHiH TyOiHe
nuiaM OOJIBIT IIeTiN JKWHAKTalaabl, OyJl TYHOaFa TUCIIEPCTi MBIC YHTAKTaphl Aa TYCEMi, OHBIH MeIiepi
60%-TeH acanpbl.

bip ToHHa KaToATHIK MBIC anblHFaHma, 1-1,5 xr noram Oemimeni. IllmaMHBIH KypaMbl aHOATHIH
KypaMbIHa Tayesai. Bykin anemaeri anextpopadunaiius o/1ici OOMBIHINIA Ta3a MBIC aly Ke3iHJe TY3UIeTiH
IUTAMHBIH KYPaMbIHJaFbl METAJIIap MEH KOCBUIBICTAP/IBIH MeJIIIepi (OpTalia ecenmeH ajablHFaH), %:

Cu-10-66 As—0,1 —4,0 Ni—0,05-0,5
Ag—-3-55Bi-0,001-0,5Si0,-0,3-7,0
Au—-0,05-4,0Se-2-28S0,"-6-15
Pb-0,9-12,0 Te—-0,01 - 6,0

Sb - 0,04 - 30,0 Fe — 0,04 - 1,5

[Ilmam KypambIiHA TYCETiH TUCHIEPCTI MBIC YHTAKTapbl, OHBIH KYPaMBIHJAFbl aliThlH, KYMIC, CEJICH,
TEJUTyp CHAKTBI KYHIBI SJEMEHTTepHi Oeiinm amyasl KUBIHAATHII kibepemi. Kepickama aiTkanzaa,
aNIeKTpopadrHAIMS Ke3iHAe TUCTIEPCTI MBIC YHTAKTapBhIHBIH 1AM KYpaMbIHA TYCYl - KaKeTci3 KyObLIbIC,
OCBI MaCeJIere KOMNTereH 3epTTeyiep Jie apHaiIFaH. bipak FanpiMaap MbIC YHTAKTapPBIHBIH IIUIAMFa TYCYIiHIH
taburaThiH 100 XKBUIIAH aca yaKpITTa HAKTHI TYCIHIIIpE amMaid Kelei.

Erep kpIckama TokTamap 00Jcak, dICKTPOIN3 Ke3iHe MBIC YHTAKTAPBIHBIH TY31IYiH KeiiOip aBTOpIIap
[13-15], oHBIH KypaMbIHIAFbl TEPIC MOTECHIHAIABI METAIAAPIBIH KOCIA TYpiHAe OONybIMEH TYCIHAIpEI.
By aBTopnmapasiH mikipi OoifbIHIIA, KypaMbIHAa Tepic nmoTeHnuanaapra ue merangap (Ni, Fe, Zn xoHe
T.0.) Oap KyiiMa aHOATHIK TOJIIPU3AIIAS HOTIKECIHIE Te3 epil KeTeli Ae, MOTSHITHAIB OH MBIC, epiMei,
yHTaK TypiHzge yritimn tycexi. IIbpiHBIHIA [ga, KYpri3uireH 3epTTeyiep KOpPCETKEHIEH, MBICTHIH
KYpaMbIH/Ia TEepIC METalapJblH MOJIIepl Ko OoJFaH CalblH, OJap €pIreH Ke3lle MbBIC YHTaKTapbIHBIH
MeIIIIepiHiH eceTiHairi OalkairaH.
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Mpsic aHOABIHBIH Oip KaJbIITHI €piMeyi Jie MBIC YHTaKTapBIHBIH TY31Ty ce0eOiHiH 0ipi 00Iyhl MyMKiH
JIeTeH Ke3KapacTap Ja Oap. DJEeKTponm3 Ke3iHIe MBIC aHOIBIHBIH OipKeNKi epiMEHTIHAIriH Ke30eH e
Kepyre 0omabl.

ApHaiibl 3epTTEeyNepliH HOTIKeNepi IJaMfa TYCKEH MbIC YHTaFbIHBIH ©T€ MaiJa eKeHIITiH
kopcetkeH. Con ceOenti KeiOip FampiMaap, Oy YHTaKTap XHMHSUIBIK JKOJIMEH IHCHPOIOPUUSIIAHY
peaKIUSICHIHBIH HOTIKECIHE TY31Ie i JeTeH xKopaMaira kenred [16,17]:

2Cu'— |Cu’+ Cu** (1)

Bipak I'.B. MakapoBThiH »9HE Tarbl Ja Oacka aBropiapabiH [10, 13] 3eprrey HoTHXKeNepi
KOPCETKEHJeH, »dieKkTpopaduHaMs Ke3iHAe OSJIEKTPOJHUT KeJIeMiHIeri Oip BaleHTTI HOHAApIbIH
KOHIICHTPAIMACKH TeTe-TeHIIK KaFIalibIHa ACHiH xKeTneiTini Oafikamrad. Con ceOenTeH MbIC YHTAFbIHBIH
JKOFapblla KOPCETUIreH XUMUSUIBIK PEAKIUSHBIH JKYpyl HOTHKECIHAE TY3UIyl MYMKIH €Mec eKEHJIriH
Oip>kakThl maiipiMaayra 6onaasl. By 6omkamnapasy Tarel ga Oip AoJeni: Ta3a MbIC aHOATHI epireH Ke3ze
JIe MBIC YHTaFbIHBIH TY311yi OaiiKaiaipl.

Erep MbIC YHTaKTapbl MEXaHHKAJIBIK JKOJMEH TYy3LICe, OJIapJbIH OeJIIEeKTEPiHiH eImeMaepi ipiiey
0omybl THIC. AN XMMUSIIBIK JKarmaiiiga Oyn kamaii Oomansl? OchIHIAM cypakTapra jxayam Oepy KaxeT
6onael. OcbiFaH opaif, 0i3MiH KYMBICBIMBI3IIBIH MAaKCAThl MBIC HOHAAPBIHBIH TOTBIKCHI3JAHY MPOLECIH
SPTYPITL JKaFmaiapaa 3epTTey OOJBIT TaObUTA B,

IxicTeMe. 3epTTeyliep ralbBaHOCTATUKAJIBIK JKaFIai1a JIEKTPOJIN3 JKYPri3y apKbUIbl oHe Autolab
PGSTAT 302 noTeHIHOCTaThl KOMETIMeH MMOTeHIUANIAp OIIIey oaiciMeH kyprizimai. Temmeparypa 25-
75°C apanbiFblHIa ©3repTiTai. DICKTPOIM3AeH KeiiHri epiTiHmizepaeri MbIC MOHIAPBIHBIH KOHICHTPA-
LUSACHI MOTCHIIMOMETPHSUIBIK THUTPJCY ojiciMeH aHbIKTamabl. Meic (II) noHmaphl KyKIipTKBIIIKBLUIABI
epitinginepae tutad (III) MOHmAPBIHBIH KATHICBIHAA TOTHIKCHI3IAHIBIPBULILL. Byn ke3me MbIc Keneci
peaxius OOMBIHINA TOTHIKCHI3JAHABI [1a, YHTAK KYWHiHIE TY3IeTi:

Cu™ +2Ti"" — |Cu’+ 2Ti"" )

Ty3iareH MbIC YHTaKTapBIHBIH OemeKTepiHiH (OpPMAChIH, OIIMeMIepiH MEKTPOHIBIK MUKPOCKOIIHUS
9IICIMEH 3epTTeIiK.

AJBIHFAH HOTHIKEJIEP KOHE OHBbI TAJKBLIay. MbIC YHTaKTapbIHBIH OChl peakius (2) OoibIHIIA
Ty3inyi MbiHazait peaxtmsabi Cu' + e—Cu’ HoTIKecine ykcac, ce6e6i GyI1 xep/e Ie MeTalll YHTAKTaphl
AJIEKTPOH aJMacy apKbUIbl icke acanbl. [leMeHTalus Ke3iHle TY3UIETIH MBIC YHTaKTapbIHBIH (opManapsl
1-cyperte kepcerinreH. CypeTke Tycipy HIaFbUTBICKAH KAPBIKTA aHILIN( apKbUIbI iCKE achIPbUIILL. MBIC
YHTAaKTapBIHBIH OeIIIeKTepl opTYypili Oonambl: AYpHIC eMec, HM30METPIiK, an Keibipeyiepi opTypii
KECKiHJIe, comakinanay. bemmekrepnaiH merrepi Teric emec OoJbin Keneni. bemmiekrepain enmemaepi
0,001-0,10 mwm apaneireiana  aywsiTKuAbl.  Kenneneninge emmemzaepi 0,01 — 0,10 mM  OGonaThiH
GomuIeKTep/IiH Mermepi 6achiM eKkeHi Galkammbl. AN skorapbl Temmeparypamapaa (t = 90°C) msic
OemmekTepiHiy enmeMaepi kimrpetieni (kenaererninge 0,001-0,005 mm GenmektepAiH MemmIepi 0ackiM).
SrHu, OeJIIEKTepIiH 6JIIeMi OJlaplblH TY3UTy KardaibiHa OaimaHbicThl Oosiazbl. COHIBIKTaH, OYPBIH
JkacanraH Oospkampaareiiail [13-15], merann OemmexTepiHiH SpTYpii dopMaiapbl MEH eJIIeMIepi MbBIC
VHTaKTapBIHBIH aHOITHIK-MEXaHUKAIBIK YTUTyl HOTMDKECIHIE TY3UTYiHIH oIeli 0oJia aMaiib.

1-cyper. Msic (II) nonnapeinsiy yui BasieHtTi TutaH (11I) HoHAapbIMeH IeMEHTALUSIaHY bl KE31H/IE albIHFaH
GPUKETTENreH MBIC YHTAFBIHBIH aHILHGiHIH cypeTi: a) 25°C 6) 90°C; yakeiity x 1200.

—— 134 ——



ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 4. 2018

Mpic yHTaKkTapbl Karox OeTiHAe nAe Ty3Ulyli MYMKIH Jen jkopamaiaayra Oojaiael. ©OneTte
aneKTpopaduHAIISA TMPOTIECi MBIC WOHMAPBIHBIH KOHIEHTparusacekl 40 r/i1-re TeH, al KaTOATarbkl TOK
TBIFBI3IBIFEI 250 A/MZ-,}IGH JKOFaphl eMec OOJFaH Ke3ne *kypelmi. MyH/ai yJIKeH KOHIEHTpaIUsiaa KaTom
OCTiHJIe IIEKTEIreH TOKTAH YOFAphl TOK THIFBI3IBIFBIHBIH OPHBIFYBI TINTEH MYMKiH eMec. CallbICThIpy
yurie kypambiana 1,2 r/m meic (1) wonmapsr,50 1/1 KYKipTKBIIIKBUIBI OapepiTiHAiNeH KaTOIATHIK TOK
ThIFBI3AEIFBE 3000 A/M-re TeH GONFAaHIa TY3LINCH MBIC YHTAKTAPBIHBIH MHKPOGOTOrpadHschl ambiHmbl (2-
cypet). Byn cyperren OemiiekTepiHiH pa3mepiepi | MKM IIamanarbl OipKeNIKi OOJNBINT KENETiH MBIC
YHTAaKTapBIHBIH TY31JIETiHI aHBIKTAIABL. Onedu nepektep OoiprHma [13,19]muiaMm KypaMbIHIAFBI MBIC
yHTaKTapeIHBIH pa3zmepiepi 0,007-0,10 MM OOJaTBIHIBIFEI KOPCETIITEH.

Bi3gin angbIH-ana KaH-)KAKThI KYPTi3reH >KYMBICTAPbIMBI3BIH HOTHIKENIEPl aHOMA MOTCHIIHAIBIHBIH
JKOFapbUIall, TOMCHJICYl JIEMEK, OHBIH ayBITKYbl MBIC YHTAKTapbIHBIH COJI COTTE TY3UIyiHE OKENIETIHIrl
JKalBIHIA KOPBITBIHIBI acayFa MYMKIiHmIK Oepemi. bi3 aHpIKTaraHmai, KynmpoOHOHIAAPILIH KOHIICHTpPA-
LIHSICHI MBIC DJICKTPOIBIHBIH OTCHIHABIHA TOYEI/Il sKoHe OHBIH aybITKybl Cu’e> Cu’ + e peakiusCHHBIH
Terne-TeHIIrH OHFa HEMEeCEe COJIFa BIFBICTBIPYBI MYMKiH. OHAIpICTIK JKaFfgaiga Ti30€KTeri TOKTHIH
MOJIIIEepiH JKOHE AJIEKTPOIUT TEeMIIEPaTypachlH TYPAKTHI TYpJe YCTal TYpy MYMKIH eMec, ColKeciHIe
aHOJATAFbl TIOTCHIIMAT Op COTTE OENTUI MOHTE AYBITKBIT TYpaabl. AHOATHIH MOTCHIMAIBI TEpic JKaKKa
Kapail BIFBICKAH COTTE JKOFaphbla KOPCETUITeH peakiys OOMBIHIIA MbIC YHTAFBIHBIH TY31LTy MYMKIHJIT
TyBIHAAWIBL. Bipak Ty3iIreH MBIC aTOMIApbl aHOATHIH KPUCTAIABIK TOPBIHA Kipill, OpHAJaca ajaMaiubl.
OCBHIHBIH calgapblHaH JICKTPOJ OeTiHAe Hamrap jkaObICaThIH Maiia AWCIEepPCTI MBIC YHTAaFBl Ty3ijeni,
oJyiap OIpTIHJIEN ePITIHIITe KOIIIil, CoaH KeHiH 1uiaMFa TyCeIl.

£

SEl 20kV WD8mm §830 x10,000 1pm
Sample 0936 15 May 2015

2-cypert - KaToAThI TOKIIEH MOJSpU3anMsIIay Ke3iHAe TY3UITeH MBIC YHTaKTapbIHBIH MUKPOCYPETi

Backamra Tyciugiperin 0oJicak, 3JEKTPOATHIH KPHUCTAIABIK TOPHIHA MBIC ATOMBIHBIH C€HYI KHBIHIAM
tycemi. OHBIH ce0e0i, MOTEHIHAIIBIH TEpIC KaKKa Kapalh a3 MOHIe FaHa BIFBICYbIHA KapaMacTaH,
anekTpon aHop Oonbim Kama Oepeni. Erep, 0i3 MBICTBI siekTpopadHUHALUsIAY Ke3iHAe ©HAIPICTIK
JKaraaiaa aHoATeIH noteHmansl 0,5 MB ammntynamen skoHe 1T1 JKUiNIKTE OpTaIla aybITKBII OTHIPaIb
men Gomkacak, Cu” + e—Cu” peakuumscel GOMBIHIIA TY3iTETiH MBIC YHTAFBIHBIH MOJIIIEPIH ecenTeyre
Oomanel. Onebu mamimertepae [13] eHmipicTik 3NIeKTpodu3 XardaibiHaa na (aya atmocdepachiHaa)
epitiHaige Oip BaJEHTTI MBIC HOHIAPHI 3JCKTPOIUT KeJieMiHAe OONaThIHBI KOPCETIITeH. Al 3JIEKTPOIIN3
Kke3inae nqudy3usuIbIK KadaTTa spKallanaa KyIpOHOHAapAbIH Tere-TeH K Memepi oomaasl. Omap Tere-
TEHJIIK TepicC MOTEHIINAN XKaFbIHA BIFFICKAH COTTE MBIC aTOMIAPBIHBIH TY311y OaFrbIThbIHA Kapai BIFbICAMIbI.

BizniH 3epTTeynepiMi3 Oip BaIeHTTi MbIC HOHAAPBIHBIH €PITiHIiIAErT KOHIEHTPAUsCHI MBIC
AJIEKTPOIBIHBIH TTOTCHIIHAJIBIHA TOYEIII €KeHiH KopceTTi (3 cyper).
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3 cyper - KynpornoHap KOHIIEHTPALHSCHIHBIH 3JIEKTPOITHIK
MOTEHIHAIABIH MOHIHE TOYeIIiIir

Omaii Gonca, MBIC DJJCKTPOABIHIAFBl TOTCHIMAIABIH Oip BONBTKE e3repreHae OalKalaThiH
KYTIPOMOHIAP IGIH KOHIICHTPAITUSACHIHBIH ©3TepyiH KYBIKTAIl eCenTeyre 00ma b

lg(A[Cu'] )/AE=0,0064/0,035=0,182r-uon/n=11,6r/n 3)

MEICTBI 3JIeKTpopaduHAIMIIAY IEXbIHIA albIHFaH JepeKTepre CYHEHIN, ecCemnTeyiep KYPTi3mik.
AHOATBHIH MOTEHIIMANBI Tepic kakka Kapad 0,001 B —ke bIFbICKaH COTTE Cu' + e—Cd’ peaKIusIChI
ootieiama 0,0116 /1 MpIC yHTarbel Ty3inemi. lri-ke TeH xuinikte 20 ToyIik imriHae OO0NaThIH aybITKY
CaHbIH ecenreyre 0omapl:

20-60:60-24 = 1728000 pet (OTEeHIIAIABIH aYBITKY CaHbI) “)

Bip muTp 25MeKTpONUTTE TY3UIETIH MBIC YHTAFBIHBIH MeJIIepin ecenreiik: 1728000 - 0,0116 = 20,189
Kr. An peakuusra JIu(Qy3UsUIBIK KaOaTTarbl KyNPOHOHJAp KaThICATHIHABIKTaH, Oip CepHsIarbl
TG PY3UATBIK KaOATTHIH KOJIEMIiH €CeNnTey KaKeT. DJICKTPOIH3 IEXbIHIAFbl CEPUSIIBIK aHOATAp caHbl 740
JaHa, oJapIbIH kaamsl Ooeti 1480 M2, an mudQy3vsUTbIK KaOaTThIH KAJIBIHABIFRL O = 107 cm [17]. Ocwmr
MoHIepAl nakiaananbin, Tud(y3usIIbIK KaOATThIH YKaJIIIbl KOJIEMIH ecenTeyre 00abl:

V=S, -0 = 148000 M- 0,0001 am = 14,8 nutp. ®))

OpOip cepusaarsl Kepi HOHAAHY peaKUUsichl OOWBIHIIA TY31JIT€H MBICTBIH JKaNIbl Mommepi, 20 ToyIiK
imiHae:
P=14,8-20,189 =299,597 kr (6)

OpneburerTeri MaiMeTTep OOWBIHINA OCBIH/AN JKaFIaiiia nmuiamMra *KybIK mraMaMeH 100 Kr MbIC YHTaFb
oteni [4]. Hazap aymapaTsiH O0JCaK, TY3UIT€H MBIC VHTAFBIHBIH MOJIIIEPi OHIIPICTIK KaFaaiaa MBICTHI
aNekTpopaduHaNMsIay/ja AJIbIHFAH MOJIIIePIMEH KaHAraTTaHAPJIbIK COMKECTIKTE eKEHMIriH Oalikayra
Oonanel. EcenTeynepain HoTHXKeNepl aHOATHIK MMOTCHIUAIBIH AYBITKYBI, IIBIH MOHIH/E, MBIC YHTAFbIHBIH
TY3UTyiHIH Ke3i 0oja ajlaThIHABIFBIH KepceTeli. COHBIMEH, aHOI IOTCHITHAIBIHBIH Tepic JKaKKa Kapai
ayBITKYbI KE31H/IE AJICKTPOJI OCTIH/IC TOMECHIET] PEaKIis OPbIH ajlaIbl:

Cu'+e— Cu’ 7

Xorapeiga xenripinreH peakuusHbH (7) KYpy HOTHKECIHAE METaJUl YHTAKTapbIHBIH TY3LTY
ceOenTepiH aHBIKTAY YIIIH apHaibl 3epTTeynep *Kyprizinmi. MHepTTi opTaga KIIKBUIAB MBIC CYIb(aThl
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epITIHIICIHE MBIC AJIEKTPONBI CANBIH/ABI JKOHE Y3aK YaKhIT OCHl KyHhae yctanmbiasl. Conl Ke3jae MbIHamai
peaKIus OPBIH aTajIbl:

Cu+ Cu*' - Cu' (8)

Ochl peakIUsSHBIH KYpPY OapbhICBIHIA TeTe-TeHIIK Kyiae Oip BaJCHTTI MBIC MOHIAPHI TY3UIIi, comaH
KCHiH MBIC 3JIEKTPOABI aibIll TacTaimbl. OChIIaH KEHiH AJICKTPOIUTTI OeaMe TeMmIeparypachlHa IeiiH
CYBITKAaH Ke3lle MBIC VHTaKTapblHBIH peaknus (1) HoTmkeciHme Ty3iryl OaiikanmMaiinel. Meic
YHTaKTapBIHBIH TY311yi TEK MBIC 3JICKTPOJIbIH KaiiTa JICKTPOJIUTKE CaliFaH Ke3J/e FaHa Oaiikanaspl. Jlemek,
MBIC YHTaFBIHBIH TY31Ty1 3JICKTPOJIUTTE MBIC JIEKTPOJIbI Oap Ke3Jie FaHa OPBIH aJlajibl.

MexaHHUKabIK YTUTy JKOJIBIMEH MBICTHIH (MakpoOeJIIeKTepAiH) IIIaMFa TYCYiH >KOKKa IIbIFapyFa
OomMaiiael, Oipak OYJI mporecc Ke3meHCOoK OOyhl MYMKIH. AHONTHIK MOTCHITHAIIBIH ayBITKYBl Maiima
JIACTIEPCTI MBIC VHTAFBIHBIH TY31UIy K631 OONaTHIHABIFBIH MOJCIICY VIIMiH aHOATHI WMITYJIBCTI TOKIICH
apHaibl TOKIpUOesep KYPri3iini, SsFHU aHOJI TIOTEIMATIBIHBIH €H KOIl MeJIIep/e aybITKYbIH TYFhI3Y YIIiH
JKacaHJIbl JKaFjaiiap jkacauibl. AHONTHI HMMITYJIBCTI TOKTBHI Ti30€K apKbUIBI KiOEpy MEXaHHKAIIbIK
TOCIIMEH iCKE acChIPBUIABI, Al OHBIH JKUUIMH ©3repTy 3JICKTPOMOTOPJABIH aifHaIy KbLUIIAMIIBIFbIMEH
peTTen/i.

Toxipube HOTIKENIEepi KOPCETKEHIEH, MMITYJIBCTI TOKIEH MBICTBIH DAJICKTPOIN31 KE31HIAE aHOATHI
UMITYJIBCT]I TOKTBIH KHUITIKTEP1 OCYyi Ke31HIe TY3UIECTIiH MeTall YHTAFBIHBIH MOJIIIEepPi apTaThIHBI OaitKammasl
(1-xecte). byn xe3znme aHom OeTiHAE TY3INTEH MBIC YHTaKTapbIHBIH OemnmnexTepiHiH pasmepiepi 0,001 —
0,10 MMk apasbIFbIHIa OONABI.

1-kecTe - MBIC YHTAFBIHBIH MOITIIEPIHE aHOATH MMITYJTbCT] TOKTBIH KMiNirini acepi: epitirmize: 40r/m Cu®", 150 r/n H,SOy,
Temmepatypa -60°C, TOK THIFEI3IBIFHI - 240 A/M%, 51IeKTpoT GETiHIH ayAaHb! - 6 M2, ToXIpHOE Y3aKTHIFH - 4 CaF.,
(1 xynon 0,658 Mr MbICKa Colikec)

AHOATHI UIMITYJIBCTI TOK >KHIJIITI, Ty3inreHn MbIC YHTaFBIHBIH MOJIIIEpi
MUHYTTa 1 KyJIOHFa ecenTereHue, 107 mr %, epireH MBICTaH CCENTErCHIIC
0 0,079 0,012
30 0,201 0,030
60 0,798 0,120
100 0,824 0,121

TOKTBIH ayBITKYBl OONMaFraH Ke3/le MbIC YHTAKTaphIHBIH TY31TyiH TOMEHAETiIeH Tycinaipyre Oomabl.
Benrini omebuerte kepcerirenaeit [18], amekrpon OeTiHAErT TOK THIFBI3IBIFBI OHBIH OpOip aymarbIHIa
Oipmeti OoJa aIMaiIbl, HOTIKECIHIE 9pTYPIli MOTCHIHAIAAD ayMaFbl OPHBIFAIIBI.

Opan Oacka aHOJ OCTIHJAETT MEHIINKTI CalMakTap aWbIPMAIIBUIBIFBIHBIH JKOHE IUPKYJISIUSL
CaJlIapbIHAH AJIEKTPONIMTTIH O3/ITHEH apallachlll TYpaThIHBI Oenrini. by MaxiMerTep OOHBIHIIA AIEKTPO
OeTiHAe DSIEKTPONUTTIH TaOWMFM KOHBEKTHBTI apajacybIHBIH JKBUIIAMIBIFEI 4 MM/CEK TEH MOHE Ol
AIIEKTPONUTTIH MKOYpIi apanacy *eurgamasiFbiHal 20 ece apThiK [19].

Ochl ke3zie, KynpoHOHIap aHoj OCeTiHiH OH MOTeHIHMan OeJiriHeH Tepic moteHIman Oelirine Kapai
BIFBICHITT, METAJIJBIK MBICKA JCWIH TOTHIKCHI3JaHAa amafpl. AJI MbIC YHTAaK KyHiHIE NIIamMFa eTeqi.
Onexrpon (aHox) OeTiHiH Kenip-Oyablp 6oyl Oy 3ddekTini skoFapbuIaTasl, cededi aHOATHIH KOTEpiliM
JKOHE OMBIK aliMaKTapbhIHIa OTCHIHAAAD MOHIEPi op Typui. Erep 31eKTpoATh mpolecTep caThUIbl )KoHE
METaJIBIK YHTAK TUCIIPOITOPIHSIIAHY PEAKITUSACH OOMBIHINA TY31IEIi IET eCenTeceK, OH/Ia OHBIH MOJIIIepi
TOK TBHIFBI3BIFBl apTKaH CalbIH ocyl Kepek, ce0eOi apanblK Oip BaJIeHTTI MBIC HOHAAPHIHBIH CaHBI,
colikeciHie, eceni. by macene GolibiHIIa oneOueTTeri MamiMeTTep Oip-OipiHe KapaMa-Kaliibl. MpIcaibl,
E.Xaitaepr [20] sxone E.C.JIlenkux [21], TOK THIFBI3ABIFBIHEIH apTYbl aHOATHIK IIJTAMIAFEl 2JIEMEHTTI MBIC
MOJIILEPiHiH >KOFapblUIayblH TYIBIPATBIHBIH aiiTagel. An, Oacka asropnap E.BomeBwmis [22] sxoHe
A.AnnmanareiH [23] KyMBICTApbIHIA TOK THIFBI3IBIFBIHBIH apTyhl aHOATHIK IIJIAMIAFbl 3JIEMEHTTI MBIC
VHTAFBIHBIH MOJIIICPIHIH TOMEHIEyiHe oKeneni aen kepcetinreH. An I'.B.MakapoBteiy [13] MomimeTTepi
OOMBIHIIA MBIC YHTAFBIHBIH MOJIIEpi TOK THIFBI3ABIFbIHA OainaHplcThl emec. OCBhIHAAN opTYpIii Kapama
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KalIbel mikipyepai Obuaiima Tycingipyre Oonanel. MBIC YHTaFBIHBIH MeJiepi OapibIK sKarnaiiia Tok
THIFBI3/IBIFBIHA TOYENJlI €MeC, O aHOJ MOTCHLMAIBIHBIH ayBITKYbIHA JKOHE AJIEKTpoX OeTiHiH opTypii
ayMaKTapbIHIa SPTYPJi MOTCHIUANIAP/IbIH OPHBIFYbIHA OaiIaHBICTBI. BYJI TYXKBIPBIMIBI 013 KYpri3reH
3epTTeYNIePAiH HATHXeIepl kepceTin oThlp. CoHbIMEH Katap [24] monmiMerTep OOMBIHINA, MBICTBIH Oip
BaJICHTTI MOHJAphl HHEPTTI OpTaia KbIIIKBUIIBI €PiTIHAUIEepAe TYPAKTHI (MBIC 3JIEKTPOABI OOIMaFraH Ke3Jie)
OonaTeIHbI OaliKanFaH. bi3 ®Kypri3reH jkaH-)KaKThl 3ePTTEYJIep A€ OChI OWIBI TOJIBIKTHIPA TYCE/II.

3epTXaHaNbIK JKarmaiaa TOTCHIMAIABIH aybITKYybl KE3IHAE JKOHE OHJIPICTIK JKaFaaiiia MBICTHI
aNeKkTpopaduHaANMAIAY Ke3iHIE TY3UITeH MBIC YHTaKTapbIHBIH Memepi mamameH 0,04% xypaiimbl.
MpicTBl 37eKTpopaduHanMsIay MPaKTUKACBIHAH Oenrimi OosiFaHiald, MUIAMHBIH MOJILEpi epireH MbIC
aHOJIBIHBIH MetiiepiHiH 0,1 % - 1H KypaIbl.

KopslTa afiTkanma, anFam per 3epTTey KoHe Tajjay HOTHXKeJepi HeTi3iHJe MBICTHI paduHanusay
Ke3iHJI¢ IIJJaMFa TYCETIH MBIC YHTAFbIHBIH TY3UIy MEXaHW3Mi aHBIKTAIJbl. MBIC YHTaKTapbIHBIH Makijaa
OoJbIn, TyHOaFa TYCIM, IIJJaM KypamblHa Kipyl HETI31HEH 3JICKTPOJIM3 Ke3IHAETi aHO MOTCHIIUAIBIHBIH
TIEPUOATHI TYPJE ayBITKBII TYPYBIMEH JKOHE DJIEKTPOA OCTIHIETi op ayMakTa SpTYpJli MOTESHIHATAAPABIH
KaJIBIIITACYBIMEH TiKeJIeH 0aillaHBICThI €KeHI KOPCETLIII.
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BJIMAAHUE KYITPOMOHOB HA OBPA3OBAHUE MEJHBIX ITIOPOIIKOB
ITPA SJIEKTPOPA®PNHUPOBAHHNUN MEJIN

Annoranusi. Llenslo naHHOW paboTHl SBWJIOCH OINpelesieHHe MyTed (OPMUPOBAHUS MOPOIIKOB MEJH,
MPOHUKAIOIIAX B COCTaB IUIaMa MpU IONYyYCHHH MEIH 3JeKTpopaduHHpoBaHUEeM. MccnemoBaHus MPOBOIMINCH
METOZOM DJIEKTPONH3a B TalbBAHOCTATHYECKUX YCIOBHSAX M METOJOM HW3MEpPEHHS ITOTCHIMAJIOB C IIOMOIIBIO
notenmmocrara Autolab PGSTAT 302. Temneparypa usMensnach B unrepsane 25-75°C. KOHLEHTpaIHIO HOHOB
MeIH B PacTBOPAxX IIOCIE 3JIEKTPOJIM3a OMPEAeISUId METOIOM MOTEHIIMOMETPHUYECKOro TUTpoBaHus. [loka3aHo, 9to
nonsl Meu (II) B cepHOKHCIBIX pacTBOpax B mpucyTcTBUHM HoHOB TuTaHa (I1I) BoccranaBnmBaioTcs ¢ 0Opa3oBaHNEM
AJIEMEHTHOH Meau B Buie mnopoiuka. OnpeneneHbl GOpMbl U pa3Mepbl YacTHIl 00Pa30BABIIMXCS MOPOLIKOB MEAN
AJIEKTPOHHO-MUKPOCKOIIMYECKAM METOJIOM. Pe3ysbTaThl HMCCIIENOBaHUS IOKa3ajiM, YTO IIPEIIOJIOKEHUS O
BO3MO>XHOCTH (bOpMI/IpOBaHl/IH TMOPOIIKOB BCJICACTBUEC MEXAHUYECCKOI'O OCBIIIaHUA IMMPHU aHOAHOM PACTBOPCHUU MEIU
HE MOJTBEPKAAI0TCS.

Pe3ynpraThl HammMx WCCIENOBaHMN MO3BOJSIOT CJHENaTh 3aKiIOYeHHEe O TOM, YTO IIOTEeHIHall aHoja
MOBBIIIAETCS, 3aTE€M ITOHMKACTCS, CIIEJ0BATENIFHO, TIOCTOSHHO KOJIEOJIETCsl U IPUBOANUT K 00Pa30BaHUIO MOPOIIKOB
MeIH B 3TOT MOMEHT. KOHIIeHTpanuss KyImpOHOHOB 3aBHCUT OT MOTEHIIMAJIa METHOTO JJIEKTPOAA U ero KoyiebaHue
MOXET CIOCOOCTBOBaTh CABMIY paBHOBecHs peakimn Cu’ <> Cu’ + e BIpaBO WM BIEBO. B MpOMBIIIIEHHBIX
YCIIOBHSIX BEIMYMHY TOKA B IIETIA U TEMIIEPATYPY AIIEKTPOJIMTA HEBO3MOXKHO MOEPKUBATH MTOCTOSTHHBIMH. [1o 3TOM
MPUYNHE MPOUCXOTUT MEPHOANYECKOe KojieOaHMe MOTEHIMajla aHoAa C Pa3IMYHOW aMIUTUTYHOH dacToTod. Ilpm
CMEIIEHNH TOTEeHIIHAIa aHOJa B OTPHUIIATENBHYIO O0JIaCTh BO3MOXHO 00pa30BaHHE MOPOIIKA MEIH IO yKa3aHHOH
BhIme peakmuu. OnHaKo 00pa30BaBIIMECs aTOMBI MEIH HE MOTYT BHEAPHUTHCA B KPUTAIUIMYECKYIO PELIETKY aHO.A.
BceneacrBrie 3TOro Ha MOBEPXHOCTH JIEKTPOJia 00pa3ylOTCsl MEIKOANCIIEPCHBIE MOPOIIKHA MEIW, OHH IOCTEIIEHHO
NepeXOo/SIT B paCTBOP U TIOCIIE MPOHUKAIOT B COCTAB LUIAMA.

BriepBble Ha OCHOBaHMM peE3YyJIbTATOB MCCIENOBAHMM W aHAlW3a YCTAaHOBJIEH MeEXaHHM3M OOpa3oBaHMs
MOPOIIKOB MEIIH, MPOHHUKAONINX B COCTAB IIamMa MpH eKTpopaduaupoBanny Mean. [lokaszaHo, yTo oOpa3oBaHue
MOPOIIKOB MM, NPOHMKHOBEHHE HX B COCTaB IlIaMa, B OCHOBHOM, HANpsMYyIO CBSI3aHO C KOJIEOaHUSIMU
MOTEHI[MAJa aHOJIa B MPOIECCe AIICKTPONIM3a U (POPMHUPOBAHMEM PA3JIMYHBIX 3HAUCHHI MOTCHIMATA HA PA3IHYHBIX
y4acTKaX MOBEPXHOCTH JIEKTPOIA.

KiroueBble ci1oBa: Meap, MOPOUIOK, KYNPOWOH, IUIaM, padUHANWs, MOTSHIHAN, JJIEKTPONIN3, aHOM, KaTO,
AIIEKTPOJIAT, BOCCTAHOBIICHHE.
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MODIFICATION OF THE SURFACE OF ALUMINUM AND
MAGNESIUM PARTICLES UNDER THE CONDITIONS OF
MECHANOCHEMICAL TREATMENT AS A METHOD
OF OBTAINING ENERGY-INTENSIVE COMPOSITIONS

Abstract. The paper presents the results of a mechanical treatment of metal powders (aluminum brand PA-4
and magnesium brand MPF-3) in a dynamic action mill using graphite as a surfactant additive in order to improve
the dispersion of powders and modify the surface layer of particles. The mechanical treatment of metals, with
graphite, contributes to the change in the structure, the composition of the surface of metal particles, an increase in
the proportion of the active metal, and the formation of an organic coating of dispersible particles. The obtained
metal particles with graphite were studied by physicochemical analysis methods, a granulometric method for
estimating the particle size distribution carried out on the instrument Malvern 3600E. The effect of mechanochemical
treatment of metal powders on the process of technological combustion of thermite mixtures is investigated. The
results of the study showed that after the machining, the particle size of the metal powders decreases and, as a
consequence, the specific surface area of the metal particles increases with the accumulation of defects in the crystal
lattice. In the process of mechanochemical treatment, the size of the crystallites depending on the mass of the fraction
of graphite used in the composition of the Me/C composite. When using aluminum and magnesium as a fuel
component after mechanochemical treatment in the presence of graphite, the thermal kinetic characteristics of the
combustion process increase.

Key words: mechanochemical treatment, aluminum, magnesium, modification, technological combustion.
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MOINPUIINPOBAHUE ITOBEPXHOCTHU YACTHUI AJIIOMUHUA
U MATHUS B PEXXUME MEXAHOXUMUWYECKOM OBPABOTKH —
CIIOCOB MOJYUYEHUSI SHEPTOEMKHNX KOMITO3UIIUIA

B pabote mpencraBieHbl pe3ynbTaThl MEXaHOXUMHUYECKOW 00pabOTKH MOPOIIKOB METAIDIOB (AMIOMUHUS MapKH
[TA-4 n maraus mapku MPF-3) B MenpHHIIE AMHAMHYECKOTO ICHCTBUS C WCIONB30BaHHEM TrpaduTa B KadeCcTBE
MOBEPXHOCTHO aKTUBHOW JOOABKM C LIEJIBIO IIOBBINICHHS JHUCIEPCHOCTH IIOPOIIKOB M  MOAU(HIMPOBAHUS
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MMOBEPXHOCTHOTO CJ0sl dacTwil.MexaHnmdeckas o0paboTka MeTaIoB ¢ TpaduTOM CrHocoOCTBYET HM3MEHEHUIO
CTPYKTYpBl H COCTaBa IIOBEPXHOCTH METAUIMYCCKHX YacTHUIl, IIOBBIIICHHIO JOJM aKTUBHOIO MeTala H
(OPMHUPOBAHUIO OPraHWYECKOTO MOKPBITHS TUCHIEepPrupyeMbIX dacThil.[lomydeHHbIe YacTUIIBl METAIUIOB C rpaguToM
ObUIM HCCIIEeROBaHBl (PM3MKO-XMMHYECKUMU METOJAaMM aHaln3a, I'PaHyJIOMETPHYECKHMM METOIOM [UIS OLCHKH
pacmpeneneHds 4acTHIl IO pa3MepaM, NpoBoauMas Ha npudope «Mamsepra 3600Ex».MccrnenoBano BiusHHE
MEXaHOXUMHYECKOH 00pabOTKN MOPOLIKOB METAJUIOB Ha MPOLECC TEXHOJIOTHYECKOTO TOPEHUSI TEPMHUTHBIX CMeceH.
PesynbraThl Mccnen0BaHMs TOKa3ald, YTO I10CIE MEXaHUYECKOW 0OpaOOTKH pa3Mepbl YacTHUI] MOPOIIKOB METAIIOB
YMCHBIIACTCA U KaK CJICACTBUC YBCIMYUBACTCA YJACIbHAs MOBEPXHOCTh YaCTHUIL METAJJIOB C HAKOIIJICHUEM }Ie(l)eKTOB
B KPUCTaJLIMYECKOH peleTke.B mpouecce MexaHOXMMHUUECKOH 00pabOTKH, pa3Mep KPUCTALIMTOB M3MEHSETCSI OT
MaccoBOH J10JIM MCHONB3yeMoro rpadura B coctaBe komro3ura Me/C. IIpuucnonb30BaHuM B Ka4ECTBE T'OPIOYEro
KOMITOHEHTa AJIOMUHMS M MarHus I0ocjie MEXaHOXMMHUYECKOW oOpabOTKM B MPHCYTCTBHU IpadUTa MOBBIMIAIOTCS
TEPMO-KHHETHYECKHE XapaKTEPUCTHKH TIPOLiecca FOPEHHS.

KuaroueBble c10Ba: MexaHOXHMHUYECKass 00paboTKa, aTIOMHHAN, MarHui, MmoaudumpoBanne, TBepaohazHoe
TOpEHHeE.

BBenenne. Merannuyecke TMOPOIIKK SBISAIOTCA OJHOW U3 BAXKHEUIIMX KOMIIOHEHT TOPHOYUX
KOMITO3UIIMK Pa3M4YHOTO cOocTaBa M HasHaudeHus. lcmonp3oBaHue WX, Opexkae Bcero, 00yCIOBICHO
BBICOKMM TEIUIOBBIM 3(p(PEKTOM OKHCIIEHHS MeTallla, a TAaKKe YMEHBIIICHHEM CpelHEed MOJEeKYJISIpHOH
MacChl Ta3000pa3HBIX MPOAYKTOB CTOpaHus B pe3yibTate packucierwns H,O n CO, mpu B3anMoiecTBAN
ux ¢ MetayuioM [1]. OcobeHHO BaxkHOE 3HAUCHHE ITO UMEET ISl THAPOPEarupyONINX TOIUTUBHBIX CHCTEM,
B KOTOpBIX MeTamia copepxkutca n0 80%, M OH sBIsSeTCS OCHOBHBIM roprouuM [2-4].Haubonee
pacpoCTpaHEHHBIM W JOCTAaTOYHO DHEPrOEMKHM METAUIMYECKAM TOPIOYMM IS TOIUIMBHBIX CHCTEM
Pa3IMIHOTO HAa3HAYEHUS SIBISIETCS AMIOMUHHMHA. B HEKOTOPBIX TOIUTMBAX, MPEXKIE BCETO OAaTUCTUTHBIX,
YaCcTHLBl ATIOMUHHSA H3-32 HHU3KOH OKHCIHMTENHbHOW AaKTHBHOCTH KHCIOPOJCOAEPKAIINX MPOIYKTOB
TOPEHHS BOCIUIAMEHSIOTCS ¢ OOINBINON 3a/IepKKOi 10 BpeMeHH. B Takux ciiydasx WCTHOIB3YIOT MarHui
WJIH €T0 CIUIaBhI C aJJIOMIUHHUEM, YaCTHUIIBI KOTOPBIX BOCIUTAMEHSIOTCS OBICTpEe, YeM alTFOMUHUI U CTOParoT
nodHocThio [1, 3]. BaxkHelmell xapakTepuCTUKON METaJUIMYEeCKUX MOPOLIKOB MPU HCIOIb30BAHUHU HX B
COCTaBe TOPIOYNX CMeCel SABISIETCS CoJlepyKaHNe aKTHBHOTO (HEOKUCIIEHHOTO0) METaJlIa, a TAKXKe pa3Mep U
¢opma yactun. B OONBIIMHCTBE CIydaeB HWCHOIB3YIOTCS YIBTPAIUCIIEPCHBIE IOPOIIKA C PazMepoM
yactur, MeHee | MkM. B mocnemHue ronmel Bce OoJbllleé BHUMAHHUS YACISIETCS HAHOAWUCIICPCHBIM
MOPOIIKAaM, TIOCKOJIbKY OHM OTJIMYArOTCS MOBBIIIEHHOW XHMHUYECKOW AaKTUBHOCTBIO, UTO IIO3BOJISET
YBEIIMIHUTHh CKOPOCTH TOPEHUS TOIUTHBA [5-7].

Uro0bl 00ecneuuTh CTAaOMIBHOCTH CBOWCTB METAIMYECKHX MOPOIIKOB W COXPAHHUTH COJEpIKaHUE
AaKTUBHOTO MeTajula MX MAacCHBHUPYIOT U TuapodoOm3upyroT[8]. B mepBoM cinyyae Ha MOBEPXHOCTH
YacTUI[ CO3JaeTcsl CIUIONIHAasT W TMPOYHAas OKCHAHO-TUAPOKCHIHAS TUIEHKA, TMPENsSTCTBYIOMIAs
B3aMMO/JICUCTBUIO MeTajlla C OKUCIMUTEIbHOU cpeloil. A BO-BTOPOM, MOBEPXHOCTh YACTHUIl MOKPHIBACTCA
CIOEM CONM KUPHOM KHCIOTBI, B YACTHOCTH cTeapaToM HaTpusa. OJHaKo HaJu4Yhe OKCHUIHO-
THJIPOKCHIHON TUICHKH Ha MOBEPXHOCTU YaCTHII, BO-TIEPBBIX, CHIDKAET JOJI0 aKTHBHOTO METalljia, a BO-
BTOPBIX BOCIZIAMEHEHHE HAYMHAETCS TOJIBKO C MOMEHTa KOHTAKTa TOPIOYETO C OKUCIUTENEM B pe3yIbTaTe
pacTpecKMBaHUSl OKCHIHOM IUIEHKHM MOJ BO3JEHCTBHEM OOBEMHOTO paCIIMPEHHUsS pacIUIaBICHHOTO
MeTajula BHYTPH OKCHIHON KarCyJbl.

B 3HaunTeNbHON CTENeHN M3MEHHTh COCTOSHHE METaUTMYeCKUX YaCTHUI], B YaCTHOCTH aFOMUHUS U
MarHus, MPEeXe BCETO B IUIAHE MOBBIMICHUS JTOJMH aKTHBHOTO MeTayia U 00eCIeYnTh YCTOHYUBOCTH K
BHEIIHEH OKHMCIIMTENbHOW Cpele, a TakKe MOBBICUTh aKTHBHOCTh NPH TOPEHHWH B COCTaBE TOPIOYMX
cMecell MOXHO HCIIONB3Ysl MEXaHOXMMHYECKyr o00padorky (MXO) mopomka B IUIaHETapHO-
eHTpoOeXKHBIX MenpHUIax. [lpum MexaHOXmMHYecKoW 00paboTKe C pa3IMIHBIMHA OpPTaHHMYECKUMHU
MOJU(HUKATOPAMH B MPOIECCEe W3MENBYCHHUSI IOPOIIKA MOKHO B 3HAYUTEIBHON CTENCHU CHHU3HTH JOJIO
OKCHJTHOM TUIEHKH YacTHII 3aMeHHB ee opraHmdeckoir. Kak Obu10 mokazano padoramu [9,10] B pesynbrarte
MXO amoMuHHS ¢ TpaduTOM B HWHEPTHOW arMmocdepe peakInoOHHAs CIIOCOOHOCTh AITFOMUHUS
CYIIECTBEHHO BO3pacTaeT, IPHUYEM Ha MEPBBIX CTaAUsIX 00pabOTKH 0OpaszyeTcss OJHOPOIHBIN KOMIIO3U-
IUOHHBIN poayKT Al/C, B KOTOpOM 4acTHIbI BEICOKOIUCIIEPCHOTO ANIOMUHHS CTaOMIIM3UPOBAHEI B Cpelie
BBICOKOAMCIIEpCHOTO Tpadura. [Ipn mnurtenbHOW MeXaHHYeCKOH 00pabdOTKe MPOMCXOAUT XUMHUYECKOe
B3aMMOJICHCTBHE ATFOMUHUS C YIIIEPOIOM ¢ oOpa3oBaHueM Kpucramumdeckoit daszer Al,C; [10]. Bomsmoe
BHUMAaHHUE YACIACTCS U BO3MOKHOCTH MEXaHUUECKOW akThBauu Maruus [11].
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Jis  momydeHHs  BBICOKOTUCTIEPCHBIX  METAJUIMYECKUX YACTHI[ AQIIOMHHHS W MarHus C
MOIU(UITUPOBAHHONH TIOBEPXHOCTBIO YAaCTWI[ Ba)XHO BBIOpaTh ONTHUMalbHBIE ycimoBus MXO s
KOHKpPEeTHON Moauduiupyromet nobaBku. B  Hacrosimed craThe MNPEACTaBICHBI peE3yJIbTaThl U
CpPaBHUTEIBHBIA aHANU3 MPOBEIEHHBIX HccheoBaHuii mo MXO amoMHHHS U MarHusi B IPUCYTCTBUU
rpadura.

PesyabTaTtbl u o0cy:xmeHue. 11 SKCIEPUMEHTOB HCIIOJB30BANICS amOMUHMA Mapku [1A-4 u
nmopomrok Marauss wmapku MPF-3. beuta  uccnemoBaHa MHKPOCTPYKTYpa HMCXOJHBIX — YaCTHIL
MOPOIIKOOOPA3HOTO amtoMUHUS U Maraus. CorflacHO pe3yJIbTaTaMMHUKPOCTPYKTYPHOTO aHAIH3a, YaCTHIIBI
amomuans MapkullA4 mmerotr chepudeckyro Gopmy ¢ pasmepom oT 20 mo 63 MM (pucyHOK 1a,0).
VienbHas MOBEPXHOCTh TAKHX 0OpasIioB, COrmacHo pesynbraraM bIT anammsa, coctaBiser 3,692 M/r.
OHEeproJUCIepCHOHHbIN CHEKTp MOKa3al, YTO B COCTAaBE MCXOJHOro amoMuHus Mapku [1A-4 maccoBas
nonist kuciopoaa cocrasiser 6onee 10%. [IpucyTcTBHe aTOMOB KHCIIOpOa CBUACTENBCTBYET O HATMYUU
JIOCTATOYHO TUIOTHOTO CJIOSI OKCHHOM TUIEHKH Ha MOBEPXHOCTH YACTHII.

Pe3ynbraThl MUKPOCTPYKTYPHOTO aHajdu3a HCXOAHOro mopomika maraus Mapku MPF-3 mokazanu
(pucyHOKIB,I), 4TO YaCTUIBI MarHus UMEIOT YelryiHdaTyro (GopMy, a CpelHUil pa3Mep YacTHIl o0pasiia
npebiiaer 200MKM, OpH 3TOM TOJIIMHA Yellyek okoyso 20 MKM. YeiabHas MHOBEPXHOCTh TaKHX
06pasIioB, cormacHo pesyibrataM Meroma BOT, cocrasmser 0,181 wm*/r.Pesympratst EDX anammsa
MOKA3bIBAOT MPUCYTCTHE B MarHuM 2,26% KUCIOpoja, T.e. HATMYHE Ha MOBEPXHOCTH YaCTHI[ OKCHUIHON
mieHkn. OqHaKo, PeHTTeHO0(a30BhIi aHAIN3 UCXOMHOTO Maraus Mapku MPF3 mokasan, 4To B €ro cocrase
npucytcTByeT 9,6% Mg(OH),, T.€. MOBEpXHOCThH YaCTHUI] MOKPHITA THAPOKCUIHON MIICHKOM.

MexaHnyeckoe n3MeNbYeHre MeTauTuecknx yactull Al u Mg 3aTpyaHeHo u3-3a UX IUIAaCTHYHOCTH.
Jns oOmerdeHuss mporiecca TUCTIEPTHPOBAHUS OOABISIOT TIOBEPXHOCTHBIE AaKTHBHBIE BEIIECTBA,
HanpuMep, CTEapUHOBYIO KHCIOTY, TpauT M JAPYyrue opraHuveckue coeluHeHus. Tak, mpu oOpaboTke
amoMuHus ¢ jgobaBkamu rpaduTa oOnerdaercs MpPOLIECC OUCIEPTHPOBAaHUS, a TaKKE NPHCYTCTBUE
rpajgura B CMECH C METaJUIOM SBIISIETCS TIOJIOKHUTENBHBIM (DAaKTOPOM TPH TOCIEAYIOMEM LEIEBOM
WCIIOJIb30BAaHUM, HAIpUMEp, B COCTaBe JHEPreTHUYCCKUXKOHICHCHUpOBAaHHBIXcHCTeM [12-17].Takum
o0OpazoMm, MoAuQHKALUS TOBEPXHOCTH METAUIMYECKUX HaHoYacTHll Tpadurom npu MXO,
OCYIIECTBISIETCS HE TONBKO C IENbI0 3allUThl METaljla OT OKHCICHHWS, HO W JUIS TIOBBIIICHHS
SHEPrOeMKOCTH MOJTYUYEHHOW KOMIIO3UIIMOHHOM CMECH.

MexaHoxumuueckyro 00padoTky (MXO) NOpOIIKOB NPOBOAWIM B ILEHTPOOEKHO-TUIAHETAPHON
mensHHILe LIIM «IlyneBepuzerte 5» (mpousBonutens — FRITSCH) ¢ o6bemMoM kaxaol paboueld kamepsl
500 MM’, ckopocTh Bparenus miaThopmsl 400 060POT./MHH, YCKOPEHHE ABUKEHHS Pa3MOJIBHBIX MIAPOB
40g, motpeOmssemas MomHOCTH 3Hepruu 1,5 kB1/1v. MXO mnpoBomuinum B atMocdepe Bo3Ayxa IIpH
cooTHOWeHNnU nopomok/map (Mp/Mpy) =1/4. Tlpu n3MenbYeHnH BapbUPOBAJIOCh KOJMYECTBO BBOAMMOM
Monupuupytomei 1o6asku (5-20%).
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PucyHnok 1 - DneKTpOHHO-MHKPOCKOTIUYECKUE CHIMKH (2, B), SHEPTOIUCTIEPCUOHHBII CIICKTP M MaccoBast A0JIS
251eMeHTOB (0, T) HICXOHOTO MopomIKa amoMuHusIMapku I1A-4 (a, ©6) n maraus mapku MPF-3 (8, 1)

Bpewmst 06paboTku cocTaBisuione 6onee 20 MUHYT, YTOOBI UCKITIOUYUTL CaMOBOCIUIAaMEHEHHE. BBIOOp
ontumanbHOro BpeMenn MXO Obl1 00yCIIOBIICH pe3ylibTaTaMH paHee MPOBOAMMBIX HccieqoBaHui |18,
19].Yto6Bl mpenoTBpaTUTh OKUCICHNUE YACTUL] aTFOMHHUS KHCIOPoAOM Bo3ayxa mocie MXO u oleHuTb
W3MEHEHUS, NEeHCTBUTEIHHO CBSI3aHHBIE C MEXaHHYECKHM BO3JIEHCTBHEM, OOpa3lbl ITHUCIIEPTHPOBAHHON
cMecH maccupoBaanch rekcanoM (CgHyy).

[ocne MXO amromuHHS ¢ TpadUTOM YacTHIBI HMMEIOT IUIACTUHYATYIO (uYemyiuaryio) ¢opmy
pa3IMYHOW TOJINWHBEL, T.€.B TpoIlecce W3MENbUEHHUS TMPOUCXOAUT HW3MEHeHHe (OpMBI YacTHIl |
o0Opa3oBaHHe CII0eBON CTPYKTYpHI komnosuta Al/C(pucyHok 2a).
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PucyHoK 2 - DneKTpOHHO-MHUKPOCKOITMYECKUE CHIMKH (a, B), SHEPTOIUCTIEPCHOHHBIHN CIIEKTP
1 MaccoBast 10111 31eMeHToB (0, r) B kommosute (Al80%+C 20%) n(Mg 80%+C20%) nocne20 muryt MXO
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VYienbHas TOBEPXHOCTh MOPOIIKOB,KOTOpas ompegensinack MeroaoM b3IT, mocne MXO
CYIIECTBEHHO BoO3pacraeT. Tak, yaenpHas moBepxHOCTh obOpaborannHoit cmecn (Al 80%+C 20%) mo
pesyasratam BT ananusa moBbimaercs 10 9,554 m*/r. U3MeHsAeTCS B COCTOSHHE TTIOBEPXHOCTHOTO CIIOSL.
OnemeHTHBIH aHanu3 komrio3uta (Al 80%+C20%) mocie MXO mokasai, 4To MaccoBas A0 ATFOMUHUS B
kommo3ute cocrapiseT 80,69%, yrinepona conepxutcs 13,57% ot oOmimii Macchl 00pasia, a KOJINIeCTBO
kucaopona - 5,75% (pucynok 26). CrnegoBarensHo, B iporiecce MXO amoMuHNS ¢ TpadUTOM YaCTUIHO
MPOUCXOJUT BOCCTAHOBJICHUE AIIOMHUHUS B TOBEPXHOCTHOM OKCHUIHOM CJIO€ YaCTHUI[ M YMEHBIIICHUE
coJlepKaHMs KUCIIOpOia B KOMITO3HUTE.

B pesynaprare MXO Maraus ¢ rpadyuTOM YaCTHITBI COXPAHAIOT TUIACTHHYATYIO (GopMy (PHUCYHOK2 B).
VYaenpHas TOBEpPXHOCTh s dactull kommo3uta(Mg80%+C 20%) moBwmmaercs 1m0 16,383
M>/r.Pesynbrarsl EDX aHanm3a 5IeMEHTHOrO COCTaBa YACTHI[ KOMIO3HTOB Mg-Crokasaiu, 4To mocie
MXO maccoBas 1ol aTOMOB KUCIIOpoa moBsimaercs, Tak st (Mg 80%+C 20%) ona cocramsier Oonee
6% (pucyHok 2r).

CrneoBaTellbHO, HAa MOBEPXHOCTH YacTHIl Maruus nocie MXO TonmmHa OKCUIHOTO CIIOS PacTeT.
Opnako 1Mo pe3ysbTaraM peHTreHo(]a30Boro aHaIM3a Ha TOBEPXHOCTH YaCTHIl 0Opa3yIOTCS HU OKCHUJEI, a
THUAPOOKCHABI, KOJMYECTBO KOTOPBIX MOXKET AOCTHTATh 15% (prcyHOK 3).
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Pucynok 3 - ludppaxrorpamma obpasua (Mg80% + C 20%),mocie 20 muaytr MXO
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Pucynox 4 - MaccoBoe pacnpenenenue gactui kommnosnuta Al/C (a)
n xommnosuta Mg/C (6) mocie MXO, Bpems 20 MUHYT

Onenka pacmpeneneHus YacTUI] MO pa3MepaMm, npoBoauMas Ha mnpubope «Manseprn 3600E»,
MOKa3aja, 4TO MpHU YBEIMYCHHWH COACpKaHMs Ipadura B cucTeMe c amoMuHueM a0 15-20% mocne
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M3MENIbYEHUS] OCHOBHAsI Macca MOPOIIKa UMEET pa3Mep 4acTHll MeHblle SMKM. [IpakTndecku moioBUHA
U3 HUX MMeEeT pa3Mep MeHee 2 MKM (PHCYHOK4a), YTO M OTPa3ujoCh B YBEIUYEHHUH YJCIbHON IJIOMIAIH
TIOBEPXHOCTH YACTHII TIOPOIIKA aTFOMUHKS Mapku 11A-4 ot 3,7 10 9,5 M/T.

[locne m3MenbyeHusi MarHust B CMeCH ¢ rpadUTOM OCHOBHasg Macca mopoika cMecn Mg/Cumeer
pasMep 4acTUI MEHbILE SMKM, KOTOPbIE IPAKTUUECKH MPEICTABISIOT COOOH arnomMepaTsl HAHOPa3MEPHBIX
qacTHIl (PUCYHOK 40).

Jnst onieHKH CyOCTPYKTYPHBIX OCOOGHHOCTEH yacThl adroMHHUS mocie MXO ObUiM MccleI0BaHbI
pa3Mepbl KpUCTaIuIUTOB MeToioM PDA B momydenusix kommnosurax Al/C, Mg/C. CornacHo pe3ynbpratamMm
aHaJM3a, B [IPOLEcCe MEXaHOXMMUYECKOH 00paboTKH, pa3Mep KPUCTAUIUTOB U3MEHSETCS OT KOJINYECTBa
HCIOIB3yeMoro Moaudukaropa (tadmaumal).

Ta6myua 1 - Pazmep kpuctaimToB amomuHus 1 Maraus nocie 20 muaytr MXO ¢ rpadurom

Copepxanue rpadpura Pa3mep kpucrammToB
B KOMIIO3UTaX L,A
Al Mg
- 690 580
5%C 560 600
10% C 490 770
15%C 440 590
20%C 410 520

IIpy MexaHWYECKOM BO3JEHCTBUM IPOUCXONUT KAaK HAKOIUIGHHWE, TaK M IIepepaclperesieHHue
nedekToB Mo o0beMy yactuilel. B pesynbrate MXO anroMuHHICTPpaQUTOMHAOIIONACTCS YMEHBIICHUE
pa3Mepa KpUCTAIUIUTOB C yBEIWYEHHEM cojnepkaHus yriepona B komno3uteAl/C. IIpu MXO marnus c
rpaduTOM IPOMCXOIUT CHaYajIa POCT KPUCTAJUINTOB, a IPU coAep kaHuu yraeponaa 15-20% ymeHbiieHne
pa3Mepa KpUCTAJUIMTOB, T.e. 00Jiee MHTCHCHBHOE HAaKOIUICHHE Je(PEeKTOB B 00beMe 3epeH. DTO MOXKET
OBITH CBA3aHO C TeM, 4yTO BoBpeMst MXO aTombl yriieposa IpOHUKAIOT B 3€PHO alllOMHUHUEBON YaCTHIBI U
BMecTe ¢ aedextamu IUPPYHAUPYIOT MO ee 00beMy HOJ IeficTBUEM MEXaHWYECKMX HampsbkeHuil. B
OJIHMX CIIydasiX BEPOATHO, 3TO MPOIECC CIIOCOOCTBYET cTabuian3aunu 1e(eKkToB, B APYTrUX BHIHOCY UX Ha
TPaHUIly 3€pHa YacTHLbI M KaK CJIEICTBUE TOT0, pocTy pasMmepa KpuctaumToB [20].IloBepxHOCTHas
IUIGHKA YacTHI KakK aIIOMUHMS, TaK M MarHus paspymaercss (pa3pbIXiseTcs)) M HacCBIIIAeTCs
BBICOKOJMCIIEPCHBIMH YacTUIIAMU YIJIepoaa (PUCYHOKS).

Takum o6pa3oM, ucnonb3oBanue rpaduta npu MXO adlOMHUHHS M MarHus COTJIACHO BCEM
aHAJTM3UPYEMBbIM XapaKTEepUCTHUKaM, CIOCOOCTBYET M3MEHEHHIO MOP(OIOTUU U CTPYKTYpPbl YaCTHI MPH
dbopmupoBanun kKoMmrtozutoBMeTamr/yrirepon (Me/C). HaOmromaemple W3MEHEHHS pa3Mepa YacTHIL
AMIOMUHUS W MarHus, MoAu(UIIMPOBaHHBIE OpraHWYecKoi Ho0aBkod (rpadur) mpu MXO, sBusercs
CIIEICTBUEM TOTO, YTO B (DOPMHPOBAHUH MTOBEPXHOCTHOT'O CJIOSl YaCTHL BO BCEX PACCMOTPEHHBIX CIIydasx
3HAYUTEJIBHYIO POJIb UTPAET YITIEPO, TAKKE IUCTIEPrupyeMsblid B mpouecce MXO.

CrpykrypHble n3MeHeHms Tpu MXO ncciaenyeMbix KoMno3uToB Me/C mpUBOIAT U K U3MEHEHHIO UX
XMMHWYECKOM aKTUBHOCTH, YTO HAIVIATHO TMPOSBISETCA B IMpolecce TBepaodasHoro ropexus (T.e. B
PEKUME CaMOpaclpOCTPaHAIOLIETOCsl BhICOKOTeMIeparypHoro cuHreza - CBC) cmecu amoMUHHEBOTO
WIN MAarHUeBOro IIOPOLIKAa, KaK TOPIOYero, C IUOKCHAOM KpPEMHHMSA, HCIOIb3yEMOIO0 B KauecTBe
OKHUCIIUTEIA.

JIMoKcUIKpeMHHS B JIaHHOMCIYYaeHCNONb3yeTCsl B HEAaKTUBUPOBAHHOM  cocTosiHUH.CMecu
TOTOBWJIUCh TP CTEXMOMETPHUYECKOM COOTHOLICHWHM KOMIIOHEHTOB: (Al37,5%+S10,62,5%) u
(Mgd4%+ Si0,56%). Ilocne MXO amomMuHHss ¢ Tpad)UTOM UM BBEICHHMIIONIYYCHHOTOIIOPOIIKA
COOTBETCTBEHHO B KoimyecTBe 37,5% u 44% B mIKXTy C KBapUeM HaOII0AAeTCs 3HAUYUTEIbHOE CHI)KEHHUE
MHIYKIMOHHOTO TEPHOAA 3aKUTaHMs], TIOBBIIIEHHE CKOPOCTH M TEMIIEpaTyphl Ha BCEX CTaAWsAX Ipolecca
TOPEHUS 110 CPABHEHHIO ¢ HEAKTUBUPOBAHHBIM TOPIOYMM (PUCYHOK 6 a). [{ng cMecn KBapia ¢ KOMIIO3UTOM
(Mg/C)nociie MXOrakke CHUXKAETCS MHIYKIMOHHBIA MEPUO/] 32)KUTaHUS U TIOBHIIIAETCS TEMIIEpaTypa
MIPOIOJDKUTENBHOCTD ropeHus: cMecei ¢Si0,, HO MposABIsieTcsl 3T0 MeHee dPPEKTHO, YeM C aFOMHHUEM
(pucyHOK 60).
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PucyHOK 5 - DJIEKTPOHHO-MHUKPOCKOTINYECKAE CHUMKHYACTHI] ATFOMUHHSI K MATHUS B HCXOJTHOM COCTOSIHHY (a, B) ¥ B
kommosure (Al80%+C 20 %) n(Mg 80%+C20%) mocne 20 muayt MXO (0, r)
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Pucynok 6 - Tepmorpammsl roperunsicucteM (SiO,+Me) ¢ aqIOMHHHEM M MarHUEM B HUCXOIHOM COCTOSIHMHU M Tociie 20 MUHYT
MXO c pasubim konuuectBoM rpadura:a-SiO,+H(Al/C), 6 - SiO+HMg/C); 1 -Mewucx; 2 - 5 %; 3 — 10 %; 4 - 20 %C
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B tabnuie 2 mpuBeneHbI MOKA3aTSIIMOCHOBHBIX XapPAaKTEPUCTUKH IPOIECCa TOPEHUS W MPOYHOCTh
CHUHTE3UPOBAHHBIX 00pa3noB. M3 TaOmuIpi2cieyeT, YTOMaKCUMANbHYI0 TeMIeparypy TOPEHHS HMEeT
COCTaB
[(AI+C 20%),x037,5%+Si0,], HO TPOYHOCTH €r0 CYIMIECTBEHHO CHUXKACTCS M0 CPABHEHHIO ¢ 00pa3IioM 0e3
yraepona. C BBeJACHHUEM YIJIEpOJa B COCTaB U C YBEIMUCHHEM ero KoyimdectBa mpu MXO amoMuHUs
MpoYHOCTh cUHTe3upoBanHOro CBC-o0pasia cHibkaeTcs. JTO CBSI3aHO C BBIICICHHUEM Ta3000pa3HbIX
MPOJYKTOB, KOJMYECTBO KOTOPHIX IMOBBIIIACTCS C YBEIUYCHUEM COJICPIKAHMsI YIIIEpoa B COCTABECMECH,
YTO MPUBOJIUT K (DOPMUPOBAHHIO [TOPUCTON CTPYKTYpPHI 0Opa3ia (pucyHok 7a). MakcumalibHasi CKOPOCTh
roperns (118,2 rpan/cex) npu CB-cuHTe3e ObLIa ycTaHoBIeHA s cHCTEMBI [(Al+C5%)yx0tS10;].

Tabmmna 2 - [Toka3arenn MakCUMaNbHOM TeMIEPaTyphl, CKOPOCTH ropeHus cmeceiSiO2cMoanpUINPOBaHHBIM ATIOMUHIEM U
MarHueM U IIPOYHOCTHBIEXapaKTePUCTUKH CHHTE3UPOBAHHBIX 00pa3LoB

CoctaB MOAU(DHUIIMPOBAHHOTO TOPIOYETO HA Tmax, 0C CKOpOCTBrOpeHHU I, o, MIla
OCHOBE JIFOMUHHS rpajn/cek

Al nex + (Si02) 1319 19,16 37,6
Al+5%C 1441 118,2 8,36
Al+10%C 1436 83,7 12,54
Al+20%C 1532 56,8 2,11
Mg ucx + (Si02) 1170 23,6 50
Mg+5%C 1295 40,9 5,8
Mg+10%C 1318 58,6 1
Mg+20%C 1223 51,4 1

Pucynok7 - Mznom u BEemHMiiBuA CBC-00pa3noB, nomydeHHBIX cMoau(uIipoBaHHbIM pu MXO anroMuHEEM (2) U
MaraueM (6) npu copepxannu 20% C

OTO BO3MOXXHO CBSI3aHO C ONTHMAJIBHBIM COOTHOIICHHWEM pa3Mepa YacTHIl COCTAaBJISIOIIUX
KOMITOHCHTOB CMECH, ¥ COOTBETCTBEHHO C MOBBIIICHHEM MJIOTHOCTH YMAKOBKH, KOTOpas OOecreunBactT
IIJIOTHOCTh KOHTAaKTa MCXKAY OKHUCIIUTCIIEM U IT'OPIOYHM.

B o0Opa3max, NOMy4YeHHBIX CTOPIOYMM, BBHUJC ATIOMUHUS, MOIU(PUIIMPOBAHHOTO YTJIEPOJOM,
(bopMHpYETCS MENKOTIOPUCTAsE CTPYKTypa C TUIOTHBIMU TEeperopojkamMu. OTOT (HakT CBHIACTEIBCTBYET O
MEPCIEKTUBHOCTH UCTIONB30BaHMS TAKHX MAaTEPUAIIOB JUTS TIOTYYCHHS TETION30IIIHOHHBIXCUCTEM.

IIpoayKTBl TEXHOJIIOTUYECKOTO TOpPEHHUs 00pa3loB, TOPIOYHUM KOMIIOHEHTOM KOTOPBIX SBIISETCS
koMmmo3ut (Mg/C), UMEIOT HU3KHI TMOKa3aTellb MPOYHOCTHBIX XapaKTEPUCTUK M3-3a MOPUCTOU, PBHIXJIOH
CTPYKTYpBHI 00pasnoB (pHCYyHOK 70). DTo 0OOYCIOBJICEHO TE€M, YTO TOPEHHE MPOTEKAaeT IMOCIOWHO U B
0O0JIBIIIOM KOJIMUYCSCTBE 00pa3yIoTCs ra3000pa3HbIe MPOYKThl CHHTE3A.

3akawuenne. Takum oOpazom, MXO amoMuHUS ¥ Maraus ¢ TpaUTOM CHOCOOCTBYET U3MEHEHUIO
MOPGOJOTHH U CTPYKTYpbl YacTuil mpu ¢GopmupoBanuu kommno3utoB (Me/C), U3MEHEHUIO pa3Mepa
JaCTHI[ ATIOMUHUS W MarHAS ¥ MOIA(DHUIIMPOBAHUIO TOBEPXHOCTH OPTaHWYECKON mo0aBKo¥ (Tpadur).
[IpumeHeHne MexaHU4eCcKOW O0OpabOTKM NPUBOAUT K YMEHBIICHUIO pPa3MEPOB YaCTHUI[ TOPOIIKOB
METAJJIOB M KaK CJCICTBHE YBEIMYCHHUIO YACTbHON MOBEPXHOCTH YACTHI[ METAIJIOB C HAKOMJICHHUEM
JNe(eKTOB B KPHCTAIMYECKON pelmeTke. B mporecce M3MeNbYeHHs TOBEPXHOCTh YACTHI[ IMOCTOSIHHO
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HaxoOUTCs B BO30YXKIAECHHOM BBICOKOAKTHBHOM COCTOSHMHM, a NpUCYTCTBHE Npu MXO MeTauimdeckux
YacTUI OpraHUYecKux 100aBoK oOecrmeunBaeT (HOPMHUPOBAHHME OPraHMYECKOIO IOKPBITUS Ha
MTOBEPXHOCTH YaCTHII.

Pesynapraramu ropeHus cmeced, B KOTOPbIX B KadecTBE TOPIOYETO KOMIIOHEHTa HCHOJIb30BAJICHA
amoMuHUNA 1 Marauil mocie MXO B mpucyTcTBUM rpaduTa, Nokasana 3pQEeKTHBHOCTL 3TOT0 METOa IS
HOBBIIICHNUS TEPMO-KMHETHUYECKHX XapPaKTEPHCTHK IIpOIecca TOPEHUs, a TAaKKe OIPENENIEHBl YCIIOBUA
MOJTOTOBKM TOPIOYETO MaTepuaga M IMPOBEIEHMs Ipoliecca TOpPEHMs, NPHU KOTOPBIX BO3MOXKHO
oOpa3zoBanue B O0JIbIIOM 00BbEME ra3000pa3HBIX MPOAYKTOB cuHTe3a. IlocmenHuil ¢akT umeeT BaxKHOE
3HAUYEHHUE IIPHU HCIIOJIb30BAHUU IIOJIyYEHHBIX HAHOCTPYKTYPHPOBAaHHBIX KOMIIO3UTOB Me/C B cocTaBe
TOPIOYMX CHUCTEM, IIpelHA3HAYCHHBIX, HalpuUMep, s Ta30r€HepaToOpoB WM JUIS BCIYYMBAHUS U
MOJTyYeHUs] TOPHUCTBIX CHUCTEM OIPENEICHHOTO Ha3HaueHus. Takue KOMIO3MLMH, Kak IpaBuio,
IPEACTaBIAIOT CO00 reTeporeHHble KOHIEHCHPOBAaHHbIE CHCTEMBI.
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AJIIOMUHUMI )KOHE MATHUI BOJINEKTEPIHIH, BETTEPIH MEXAHOXUMMSIL/IBIK OHAEY
PEXKUMIHJAE MOJUO®UILUPJIEY - KbIJTYCBIUBIM/IbI KOMITIO3UTTEP AJTY TOCLII

AnHoTanus. Maxanaga Metant yHTakTapsiH(amomuanii PA-4 mapkacenkone maranii MPF-3 mapkacer) OeTTik
Oencenpi 3aT peTiHAe rpaguT KOMEriMeH, YHTAaK JAWCIEPCTUNiH apTThIpy XoHe Oedinek OeTTiK KabaThlH
MoAUGHIMpPIEY MaKcaThlHIA IMHAMUKAIBIK IHIPMEHAE MEXaHOXMMHSIBIK OHJAEY >KYMBICTApBIHBIH HOTIIKeJIepi
KenTipinren. Mertangapasl rpadUTIEH MEXaHOXUMMSUIBIK OHJIEY MeTall OeJIIeKTepiHiH KYpbUIbIMBI JKOHE
KacHeTTepiHiH e3repyiHe, OeJICeHIi MeTajuyl MeJIIIEPiHiH JKOFapbulayblHa >XOHE IHUCIIEPCTEIIHETIH OeleKTep
OeTiHle OpraHMKaibIK >KaObIHIbUIAPIBIH Taiiia OonyblHAa akesell. AJIBIHFAH MeTajul oHe rpadut Oesmiekrepi
(usuKka-XxUMUSIBIK - Tanpay  oxicrepi, «Mansepn 3600E» KypbUIFBICHI KOMETIMEH IKyprisijierin, Oeek
OJILIEM/IEPIHIH TapalyblH TPaHYJIOMETPUSUIBIK 9JIC KOMeriMeH 3erreynep >Kyprizinmi. TepMurti xyienepaix
TEXHOJIOTHSUTBIK JKaHy YAEpiCiHe MeTall YHTAKTapbhlH MEXaHOXUMUSUIBIK OHJICYIiH ocepi 3epTTelinai. 3eprrey
HOTIDKENIEpI MEXaHOXHMILUIBIK OHACYNCH KeHiH MeTalyl YHTAKTapPBIHBIH OOINIICKTEepiHIH emeMIepi TOMEHIETI,
COlfKeCiHIe KPUCTAUTUTTI TOpAA aKayjiap >XKHHAIBI, MEHIIIKTI OeTTIK KeieMi >KOFapBUIAHTHIHABIFBIH KOPCETTI.
MexaHOXUMISDIBIK  ©HAEY yaAepicrepi kesinge Me/C KOMIO3WT KypamblHIA TpadUTTIH MaccalblK YieciHe
0aiiJIaHBICTBI KPUCTAJUIUTTEP OJIIIEMI 63rePETIHIAIN aHBIKTAIIbI. AJIOMUHHNA KOHE MarHuil OeJIeKTepin rpaduTIeH
MEXaHOXUMHUSIIBIK OHICYIeH KEeWiH JKaHFBII 3aT pPeTiHAe KONJaHy d>KaHy YAEPICTEpiHIH TepMO-KMHETHKAaJIbIK
CHUIMaTTaMaapbiHbIH XKOFapbLIayblHA aJIbI KEJIESTIHAIrT KOPCETUIII.

Tyiiin ce3mep: MEXaHOXUMHUSIIBIK OHJICY, ATFOMUHIA, MarHHA, MOIU(HUIUPIICY, KATThI(a3albl JKaHy.

— 149 =



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

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

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286
Volume 4, Number 430 (2018), 150 — 154

A.S. Bukanova, F.B.Kairlieva, L.B.Sakipova,
0.Y.Panchenko, N.A.Karabasova, R.N. Nasirov

Atyrau University named after Kh.Dosmukhamedov
E-mail: rasirov.48@mail.ru

BINDING D-ELEMENTS OF GROUP VIII
OF THE 4th PERIOD OF THE PERIODIC SYSTEM

Abstract. This article briefly reviews the connecting d-elements of the fourth period I-VIII groups of the
periodic system. Also compares the main elements of the group VIIIA and VIIIB transition group, their properties
and electronic formulas.

If we collate the VIIIB subgroup of iron elements with the valence states of argon, krypton VIIIA of the main
subgroup, then argon in oxidation rates of 0, +2, +6 is an analog of krypton, and in the oxidation +8 Ar will not be a
krypton’s analog. On the contrary, in low oxidation rates, iron differs from argon, and in the oxidation of +8, iron is
an incomplete analog of argon. Iron is a binder between subgroup VIIIA and subgroup VIIIB by electron
configurations with a valence corresponding to the group number of the periodic table.

Gas XeO,4 under ordinary conditions, has not been studied sufficiently, but electron diffraction data and IR
spectroscopy indicate that its molecule is tetrahedral. Its structure, based on isomorphism, is similar to the tetrahedral
structure of FeO,4, OsO4, RuO,.

Key words: transition metals, degree of oxidation, binding element, the terms Klechkovskii, characteristic
elements, isomorphism.

VK 546.6.
A.C. bykanosa, ®.b.KaiipameBa, JI.b.Cakunona,
O.10.ITanuyenko, H.A.Kapabacosa, P.H. Hacupos

ATpIpaycKuil rocy1apcTBEHHBIN yHHBEpcHTET NM. X.JJocMyxamenoBa

CBS3bIBAIOHIHE d-9JIEMEHTDI I-VIII I'PYIIIIbI 4-1'0 IEPHOJA
INEPUOJUYECKOU CUCTEMBI . U.MEHJIEJIEEBA

AnHoTtanusi. B craree Bkparie paccMmaTpuBaercsi cBsi3biBatomue d-ojaeMeHThl uerBeproro nepuoxa I-VIII
rpynmsl nepuoandeckoit cucremsl [ .M. Menzneneesa. CpaBauBarorcs anemenTsl VIIIA rnasHo# rpynnst u VIIIB
MOOOYHOM TPYIIIBI, UX AJIEKTPOHHBIE (YOPMYJIBI M CBOWCTBA.

Ecnu conocrasuts VIIIB noarpymnmy 31eMeHTOB eJe3a ¢ BaJIEHTHBIMU COCTOSHUSIMU aprosa, kpunrtona VIIIA
[JIaBHOW MOATPYHIIBI, TO aproH B cTemeHsax okucieHus 0, +2, +6 sBiseTCs aHAIOTOM KpPUITOHA, a B CTENEHU
okucieHus +8 Ar He OyzeT aHaJIoroM KpunroHa. HanpoTuBs, B HU3KHMX CTENEHSIX OKHCIICHUS JKEJIe30 OTIMYAETCs OT
aproHa, a B CTENEHM OKHCIICHHS 18 jKesie30 SBISIETCS HEMONHBIM aHaloroM aproHa. JKemes3o sBisercs Kak Obl
CBSIBYIOIIAM 3JIeMeHTOM Mexay noarpymmoi VIIIA u moarpymmoi#t VIIIB 1o 31eKTpOoHHBIM KOHGUTYpaIusM TIpH
BaJICHTHOCTH, OTBEYAIOLIEN HOMEPY TPYIIIbI HEPUOJUUECKON CUCTEMBI.

XeO, B OOBIYHBIX YCIOBHMSAX Tra3, HM3y4eH II0Ka HENOCTaTOYHO, HO JaHHBIE 3JeKkTpoHorpadmm u UK-
CHEKTPOCKOIIMH YKa3bIBalOT HA TO, YTO €ro MOJIEKyJla TeTpajdapuyeckasd. Ero cTpoeHue aHaJOrMYHO HA OCHOBE
nzomopdusma, Terpasapuaeckomy crpoeruro FeOy, OsOy, RuO,.

KiroueBble cioBa: TepexoJHbIe MeTalbl, CTENEHb OKHCIECHHE, CBSA3BIBAIOIIMI AJIEMEHT, TPaBHJIBI
KJ1eukoBcKoro, XapakTepucTHYeCKUe IIEMEHThI, H30MOP(PH3M.
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IMpu u3yuennud-31eMeHTOB iepuoauyeckoii cuctemsl JI. . MenneneeBa, HCOOXOAUMO OCTAHOBUTHCSI
Ha HUX CBSA3U Cp- M s- dneMeHTamu. OHH Ha3bIBAIOTCS IMEPEXOJHBIMH M PACIOIOKEHBI B OOJBIIMX
HepHoJIax MEXIY P- U S- SJIEMEHTAMHU, ¥ HOHBI KOTOPBIX XapaKTEPU3yIOTCS OJHUM U3 cocTosHuid nd*(0< x
<10) (sanpumep Sc¢*'- d°, Zn*"- d').

Beiciias crerneHb OKUCICHUs OOMBIIMHCTBA d- 9JIEMEHTOB OTBEYAE€T HOMEPY TPYIIIBI IEPHOIUYCCKOM
CHCTEMBI, B KOTOPOH OHH HAaXOATCsI, HATIPHMED TPOSBIISCTCS B OKCHIAX:

+3 +4 +5 +6 +7 +8
80203 T102 V205 CI'O3 Mn207 FCO4

CkaHIuil ¥ ero aHAJIOTH B COOTBETCTBYIOIIMX MEPHOAAX SBISIIOTCS MEpBBIMU d-dmeMeHTaMu. Y HHAX
HAYMHACT 3aIlOJIHATCS MPEIBHEIIHBIA ClIoi. B oTiauumu oT Apyrux d-3JeMEHTOB, JJIsi CKaHIUS U €ro
aHaJOrOB XapaKTepHa CTemneHb okucieHusa +3. [lo cBoeMy XMMHYECKOMY MOBEACHHMIO CKAHIUN MOXOXK
OJHOBPEMEHHO M Ha antoMuHui. PopMyna BBICIIEIO OKCHIA CKaHIUA- ScyO; MPOSBISET OCHOBHBIC
cBoiictBa — Sc(OH);. Ilo »>meKTpOHHOMY CTPOCHHIO BHEIIHETO DJHEPIETHUECKOTO CJIOsS CKaHIUN
MOJIHOCTBIO COOTBETCTBYET BTOpoMy ImpaBuily KieukoBckoro. ClrenoBaTeNnbHO, €ro BaJCHTHBIC
AJIEKTPOHBI HaxosaTcs Ha 48 — u 3d- mogypoBHsx. [loaTOMy BBICIIAs cTeNeHbh OKHUCICHHUApPaBHA +3, 4TO
COOTBETCTBYET HOMEPY IpymIbl. [Ipryem 3IeKTpOHHOE CTPOEHUE aTOMa 3aKaHYMBAETCS S-3JIEKTPOHAMHU,
MO3TOMY STOT 3JIEMEHT MPOSBISICT MeTajindeckue cBoiictBa. Ocranbhbie 9 d-anementoBlViepuoaa
SBIISIIOTCS TIPOJIOJDKEHHEM STOTO AJIEKTPOHHOTO cIos. JTH d-3IIEMEHTHI B CBOEM TMEPUOJE SBISIOTCS
MepBBIMU d-3JIEMEHTaMH, TO €CTh Y HUX HAaYMHAIOT 3aIloNHATECS d - opOuTamy, 3aBepiraercs y atomMa Zn.

YacTo MCNOIB3yEeTCsl TAK HAa3bIBAEMBbIH JUIMHHBIA BAPUAHT MEPUOJINYECKON CUCTEMBI, IPETI0KEHHBIN
Bb.B. HekpacoBbim [1]. B 3ToM BapuanTe mepuoasl HE JSISIT HA YaCTH, a 3alUCHIBAIOT MOJHOCTHIO B OJHY
cTpouky. CXOJHBIE DIIEMEHTBI COCIUHSIOT MPSAMBIMH JHHHUSIMH. 3]1eCh HEOOXOJMMO CPaBHUTH CTENEHb
OKHCIIEHUSI DJJIEMEHTOB, OTBEYAIOMIEW HOMEpYy TpPYIIBl TEePHOIUYECKON cucTemMbl. (OCHOBHBIM
nmoctmxenneM b.B. HekpacoBa smmsiercs 10, uto oH ycranoBuwn Sc, Ti, V, Cr, Mn, Cu, Zn npu
MaKCUMAaJIbHON BAJICHTHOCTH XapaKTEPUCTUYECKUMHU 3JIEMEHTaMU, HO OCTaJOCh HEOMPEACICHHBIM, KaKue
3JIEMEHTBl TpUaAbl SBISIOTCS AHAJOrAaMM [JIs WHEPTHBIX Ta30B IPH HX MAKCUMAalbHOW CTENEHU
OKHCIICHUSL.

OpHaKO 3TO OMIMOOYHBIM CUMTATh HEJb3s, TAK KaK SKCIICPUMCHTAIBHBIX ()aKTOB B TO BpeMsi OBLIO
HEJOCTATOYHO.

B nepuonuyeckoit cucteMe psi 3JIEMEHTOB OOBEIUHSIOTCS B TPUAABI (TPHAABI JKeje3a, pyTeHHS U
ocmust). BHyTpu Tpuajipl CBOWMCTBAa 31I€MEHTOB ONMu3kH. B 3Ty Tpymmmy BXOAHMT TpH TpPHAIbl METaIOB
(meBsTH d-2JIEMEHTOB)

Ilepuon 4 5 6
DJIEMEHTHI Fe, Co, NiRu,Ph,PdOs, Ir, Pt

U OnaropoJiHbIe Ta3bl, 3aBEpIIAlONINe KaKAbIA neproa. Tak ke kak B jroboi npyroi, wieHsl VIII
TpymIbl MOTYT OBITH pa3zaeseHsl Ha raBHyto VIIIA - u mobounyro VIIIB — moarpymniisl.

B moarpymnmy jxene3a BXOANUT pyTEHUH M OCMUI- KaXKIbIi B CBOEM NEPUOJIE SIBISIOTCS d-3JIeMEHTaMH,
y KOTOpBIX HauWHaercs 3amoiiHeHue d-opOuTanell NMpeABHEIIHEro cJos JIEKTPOHOM. MakcuMallbHast
CTereHb OKHCieHus (+8) paBHa HoMepy TpYMNIBl MEPHONUWYECKOM cucTeMbl. [lmsa sxeneza Hambonee
XapaKTEPHbI CTEMEHU OKHUCIEHUS +2 U +3, U3BECTHBI TAK)KE MPOU3BOJHBIC JKeJie3a, B KOTOPHIX CTEIICHb
oKHcCyeHHS paBHa +4, +6 u +8. ViMeroTcs cBeeHUS 0 MOIyYCHUH OKCuaa kenesa - FeOy (+8). 310 oueHs
HE YCTOWYHMBOE JIETy4ee COCAMHECHHE pO30BOro IBera[2]. TeTpaokcuasl OCMUS W PYTCHUS SIOBUTHI.
bnaronopst kucnoTHeIM cBoiicTBaM OsO4Tpy B3aMMOJEHCTBUHM ¢ OCHOBHBIMU COE€UHEHUSAMU:

0s04 + 2KOH = K, [0sO4 (OH),]
00pa3yrTCsS KOMIUICKCHI.
DIEeMEHTBI Fe Ru Os
CrerneHn 2,3,4, 2,3,4, 2,3,4,
OKHUCJIEHUS 6,8 5,6,7,8 6,8
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ITo Beprukamsm mepseiii d—anement VIIIB rpynmer —to xenezo (IV-ii mepuon), 3aTem ciemyer
pyrenmii (V-it mepuon) u ocmuit (VI-it meproxn). VX smekTpoHHBIC KOHOUTYPAITUH BHEITHEH 000TI0YKH Y
atomoB Fe [Ar]3d°4s?, Ru[Kr] 4d’5s'u Os[Xe] 4f*5d°6s”.

Mexay sneMeHTaMHi BEPTUKANBHBIX CTONOLOB MPOSBISIFOTCS OTAENbHBIC YepThl U Oosiee OJIIM3KOTo
cxoxncta. Hampumep, unens! psga Fe,Ru n Os sBistroTCS 0COOEHHO aKTHBHBIMU KaTalu3aTOpaMy IPH
CHHTE3€ aMMHUaKa U3 3JIEMEHTOB BOIOPOJa U a30Ta.

Ta6muua 1 - CpaBHeHHE dJIEKTPOHHBIX KOH(OUTYpaLHii 2JIEMEHTOB Kee3a, aprona u kpuntona VIII — rpynmst

CrerneHb OKUCIICHUS Fe (VIIIB) Ar (VIIIA) Kr (VIIIA)

0 [1s%252p°3s%3p°] [1s%252p°] 3s73p° [1s%252p®3s73p°]
3d%4s? 3d104sz4p6

+2 [15%25%2p®3s%3p°] [15%25%2p%] 3s?3p* [15%25%2p°35%3p°]
3d° 3d"%4s%4p*

+6 [15%25%2p®3s%3p°] [15%25%2p%] 3s° [15%25%2p°35%3p°]
3d? 3d'%4s

+8 1s%25%2p%3s%3p° 1s%2s%2p° [1s*2s%2p®3s?3p°]

3d10

Ecnu comocraBute VIIIB moarpynmy 5»1€MeHTOB jkele3a C BAJCHTHBIMH COCTOSIHUSIMU aproHa,
kpunToHa VIIIA rimaBHOW MOArpymmbl, TO aproH B cTeneHsx okucienus 0, +2, +6 gBiseTcs aHaJIoroM
KPHIITOHA, 4 B CTENICHH OKUCJICHUs +8 Ar He Oy/eT aHaloroM KpuntoHa. HanmpoTus, B HU3KHX CTETEHSX
OKHCIICHHUS JKeJIe30 OTJIMYaeTCs OT aproHa, a B CTENEHM OKHCIEHMs +8 XKele30 SBIAETCS HEMOJIHBIM
aHaiorom aprona (cMm. Ta6.l). IlpuBomsrcs smekrponHble koH(purypanmmu Fe, Aru Kr B atromapHOM
COCTOSIHWH W CTETICHSAX OKuCIeHus +2, +6 u +8 (1ab.1). XKene3o sBisieTcst kak ObI CBA3YIOMAM 3JIEMEHTOM
mexay noarpynnoi VIIIA u moarpynmoit VIIIB mo snekTpoHHBIM KOHGUTYpalusaM MPH BaJCHTHOCTH,
OTBEYAIOIIEH HOMEpPY IPYIIIbI IEPUOAUYECKON CUCTEMBIL.

Jlo HemaBHEro BpeMEHH CYHMTANIM, YTO OJIATOPOIHBIE Ta3bl BOOOIE HE CIIOCOOHBI BCTYIATh B
XMMHWYECKHE pEaKIUh, W TOMEIIald HMX B «HYJEBYIO» Tpymmy mnepuoanueckoil cucrems J[.U.
MeHzeneeBa, TAe W IODKHBI OBUIM HAXOAMTHCS SJIEMEHTHI C «HYJEBOH» BalleHTHOCTHIO. B 1962 rony
Kananckomy xumuky H. BepTieTTy ynamoch MoinyduTh COSTUHEHNS HHEPTHBIX Ta30oB ¢ ropoM [3]:

Xe + PtF¢Xe'[PtFs] — >

3nech PtF¢ oTHIMaeT oMH IEKTPOH OT KCeHOHa. Mccnemys xummaeckue cBoiictBa PtFg coenmnuennit
VIIIB rpynnel H.beptiieTt 3aMeTns, 4To IpU AJINTEIBHOM BBIIECPKMBAaHUHU Ha BO3/lyX€ OH MEHSET LIBET, B
pesyibrate ob6pasyercs O, [PtFq]. IIpuumna 5TOro meppas PHeprus MOHM3ALMH KCEHOHA CPABHUMA MO
BEJIMYHMHE C SHEPTUel HOHM3AIMK MoneKymspHoro kuciopona(l175 x/lx/moms mas O, O, +e’). TTostomy
B JAHHOM cITydae MoJ00HO K OKcorekcadTopIuiaTHHATy 00pa3yercs KCeHOHTeKcadTOpIUIaTHHAT.

Yepes HECKOIBKO MECALEB B APYTUX JadopaTopuax Oblin cuHTe3upoBanbl XeF, u XeF, [4].

Kak u3BecTHO, cTeneHb OKUCIeHU KceHOHa paBHa (+8) [5].

XeO, + XeF¢XeOsF, + XeOF;, —»

kceHoH oTHocutcs Kk VIIIA rpymnme.
Tetpaokcun nomyuaroT neiictBuem 6e3BoaHoil H,SO, Ha okcokceHaT (+8) Gapus mpu KOMHATHOM
TeMIeparype:

B32X606+2H2804 —> 2BaSO4+XeO4+2H

XeO,4 B OOBIYHBIX YCIOBHSX I'a3, H3yYeH MOKa HEAOCTATOYHO, HO AaHHbIEC »iekTpoHorpadun u NK-
CIIEKTPOCKOIINY YKAa3bIBAIOT HA TO, YTO €ro MOJIEKyJa TeTpajdapuyieckas. Ero ctpoeHne aHAJIOTMYHO Ha
ocHOBe u3zoMop¢dusMa, Terpa’rapudeckomy crpoeHHo OsOs, RuO,. IlpomsBoanwsie kceHoHa (+6) —
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cwibHble okucnuTenn. OJHAKO TpH JeHCTBUM Ha HUX elle OoJiee CHIBHBIX OKHCIHTEIeH MOKHO
MOTyYNUTh COEOUHEHHS CO CTENeHbI0 OKHCIeHHOCTH (+8). M3 momoOHBIX COETWHEHHWH W3BECTHBI
kceHonokrapropunXeFs, kceHonterpaokcun XeOuu kceHoHokcomupropua XeOs;F,. DTu coenuHeHus
Mo00HbI KUCIOTHEIM coenuHeHusM OsO4u RuQy .

DneMeHTHl MOATPYyNIBl KpUnToHa- KpunToH Kr, kceHoH Xe, pagoHRn xapakTepu3yroTcs MeHbIIEH
SHEpruel HOHU3AIMU aTOMOB, YeM THUIIMYHbIE 3JIeMeHThl HeoHa W aproHa VIIIB rpynmel. [Toatomy
3JIEMEHTBI TIOJITPYIIBI KPUIITOHA JA0T COSAUHEHUS OOBIYHOTO THMA. M B 3TOM HalpaBJICHUU 3JICMEHTHI
MOATPYNIBl KPUIITOHA OTJIMYAIOTCS OT JAPYTHMX OJaropoJHBIX Ta30B OONBIIMMH pa3MepaMHu aTOMOB
(Momeky) W OONBIION MONApU3yeMOCThI0 B psaay atomoB He-Ne-Ar-Kr-Xe. BcenmemerBum Gombrmoit
YCTOWYHMBOCTH 3JIEKTPOHHOU CTPYKTYphI aTroma (dHeprusi moHuszauuu 15,765B) coeauHeHus BaJ€HTHOTO
THUIIA JUIsI aprOHAa HE TIOJyYCHEI.

s He, Ne u Ar ycroiiumBble COCTMHECHMsI HEM3BECTHHI [6]. A ClIeIyrONIuii OJaropomHbIi Ta3 —
KPHUIITOH IMEET XUMHUICCKUE COCTUHEHUS, HO UX 3HAYUTEIIHEHO

MeHblie, yeM y kceHoHa. [Tomumo KrF,, KrF, 00pa3oBanue nepBbIX COSIUHEHHMIA, COJICPKAIINX CBSI3U
Kr-O, 6b110 3adukcnposano [7] merogom IMP—cnexrpoc-kormmu (°F, "O) i koHTpoms 3a CHHTE30M
ycroiunBoro coenuaeHus [Kr(OTeFs),]:

3KtFy+ 2B(OTeFs); — 3Kr(OTeFs), + 2BF;
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Pucynox 1 - JlononHeHue K ATMHHOMY BapuaHTy NEpUOAMYECKOM cucTeMsl peiokeHHol b.B. HekpacoBbiM

Vmess oOTHOCHTENBHO OONBIIMHM pasMep aroMa, aproH Ooiee CKIOHEH K 0Opa3oBaHUIO
MEKMOJIEKYJSIPHBIX CBsI3eid, yeM resinii 1 HeoH. [loaTomy, Hanbosee U3BECTHBI KIaTpaThl, 00pa3oBaHHbIE
Ar,Kr u Xe ¢ rugpoxunonom 1,4-C¢Hy(OH), u Bomo#i. KnmaTpaTsl MOTYT CIy»KHUThH JJIsi XpaHEHUS 3a1acoB
0JTarOpOTHBIX TA30B.

MO>HO HPEATIONOKUTh YTO JKEJIE30 SIBISAETCS CBA3YIOLIHMM 3JIEMEHTOM Mexay noarpynnoit VIIIB u
nonrpynmoit VIIIA npu makcumaneHoi BasieHTHOCTH (+8). Fen Ar mpu MakcHManbHOM BalleHTHOCTH (+8)
153 =——=




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

coemuHeHbl MeNKuM myHKTUpoM (puc.l). Hus ocramenwix III, IV, V, VI, VII, Iu Il rpynmn gerBeproro
MepHoJIa CBA3YIOMMMHE dIeMeHTaMu siBisttorest Sc,Ti, V, Cr, Mn, Cu, Zn[1, 8, 9].

BemiectBa, 00pa3oBaHHBIC »JJIEMEHTAMH TJIABHBIX W IMOOOYHBIX MOITPYI, B psle clIydacs
OTJIMYAIOTCS CBOMMH cCBoWcTBamMH. OAHAKO B BBICHICH CTENEHH OKHCICHUS HMX CBOWCTBA OJHM3KH.
Hanpuwmep, VIIA — noarpynna — ramorensl-okucnuteny, VIIB — noarpynmna — MeTamibl-BOCCTaHOBUTENH,
TIe OHW TPOSBISIOT HU3KYIO BaeHTHOCTH(Cl,O- kucnoTHbI okumcesr, MnO—0CHOBHOM), OTIHYHS OBLTH
pe3ko BbIpaxkeHbl. OJHako B CBOEH BbICIIEH CTENEHM OKHCICHMS 3TH JJIEMEHTHl B COCTaBe
COOTBETCTBYIOIIMX COCOUHEHUH Onu3ku mo cBoiictBaMm [9]. Tak, ramorensl u metawwisl VII rpynmsr B
BBICITICH CTEIEHNW OKHUCIICHHsI 00pa3yIOT CHIBHBIC KHCIOTHI: TeTpaokcoxyopar (+7) Bomopomxa HCIO, u
TeTpaokcomanranat (+7) Bogopona HMnO,, KOTOpEIE SIBIISIFOTCS TAaK)KE CHUITBbHEHIIIIMUA OKUCTUTEIISIMH.
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X.JlocMyxaMeioB aTbIHIAaFbl ATBIpay MEMJICKETTIK YHUBEPCHTETI

AMNMEHJEJEEBTIH HEPHOATBIK JKYUECIHJIETT
IV NEPHNOJbIHBIH BAUJIAHBICTBIPYIIBI d -JIEMEHTTEPI

AHHOTALIMA. Makanmana J.1.MeHeneeBTiH MIEPUOATHIK KYUECIHIH [V-nepuonpinnarst -
VIlITonrapapiHHETI3I kKoHE KOCHIMINA TONTAPbIHIAFbl JIEeMEeHTTep KapacThlpsuiasl. MyHna VIII A Herisri xoHe
VIII B KockiMIIIa TOMIIA JIEMEHTTEPiHIH AEKTPOHABIK KYPBIIBIMBI )KSHE KACHETTEP] CANIBICTHIPBIIIIBL.

An, erep VIIIA Heri3ri TOOBI »meMeHTTEpi aproHnsl, KpunToHAB! VIIIB TOOBIHBIH 3JIeMEHTI TeMipMeH
CaNIBICTBIPCAK, OHIA OJIApABbIH 3JIEKTPOHIBIK KYPIBIMBIH CalbICTBIPY HoTexeciHae 0, +2, +6 TOTBIFy dopeskenepi
YIIiH KPUIITOH apTOHHBIH aHAJIOTHI, aJl +8 TOTBIFY A9perKeci YIIiH onap aHalor eMmecTiri oenrini. OraH kepiciaae Oy
MaKCHMaJl BAJICHTTLTIKTE TEMip aproHHbBIH aHaorsl. Mine, 0y Gisre temip metansl VIII A sxone VIIIB tomrapbia
0aiiaHbICTHIPYILIbI DJIEMEHT EKeH N He KYMOH KenTipMeiii (+8 TOTBIFy JopeKeciHie).

XeO, TONBIFBIMEH 3EPTTENTeH XKOK, Oipak 3nexTpoHorpadus xoHe MK-cnekTpoCKOMUsUIBIK 3epTTeyiep OHBIH
MoJiekynacel u3omopdusm Herizinne FeOy OsO; RuO4 cHAKTBL TETpasApiiK KypbUIBIMFA K€ OOJIATBIHIBIFBIH
KOPCETTI.

Tyiiin ce3mep: aysicnansl MeTaniap, TOTBIFY Jopexeci,0ailIaHbICTBIPYIIBl  3JIeMeHT, KiieukoBCKuiinig
epexxenepi,CUnaTTaMajbIK 3JIEMEHTTEP, H30MOP(PH3M.
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CHALCONES-SYNTHONS IN SYNTHESIZING
BIOLOGICALLY ACTIVE MATTERS

Abstract. The review paper summarizes and systematizes the literature data of recent years, as well as the
results of the authors' research in the field of functionally substituted chalcones. The most common natural
chalcones, methods of production, reactivity and biological properties of synthetic chalcones are given.

Keywords: substituted aromatic aldehyde, chalcone, pyrazoline, flavonone, cytokine, NF-kB transcription
factor.
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O.A. Hypkenos'?, M.K. U6paes’, C.JI. ®a3pLios’,
A.T. Takn6aea’, U.B. Kyaakos’, A.E. TykTbi6aeBa’

! Kazakcran PeciyOnuKkachIHBIH OpraHUKAaJIbIK CHHTE3 KOHE KoMipXuMus HHCTHTYTHI, Kaparanner, Kazakcran;
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XAJIKOHJAP-BHOJIOT'UAJIBIK BEJICEH/II 3ATTAP
CUHTE3IHAEI'T CUHTOHIAP

AHHOTANMS:OYJI IOy MaKaJlachlHAA COHFBI JKbUIAAPAArbl oleOM MOJIIMETTEp, COHAal-aK (PYHKIIMOHAJIBI
OpBIHOACKAH XaJKOHIAPOOJBICHIHIAFEI aBTOPJIAPABIH 3epPTTEyJiep HOTWXKEIepl JKMHAKTAIBIN, JKyWeneHreH. Kel
TapanFaH TaOWFH XaJIKOHAAP, CHHTCTHKAJBIK XAITKOHAAPABIH ally 9IIiCTepi, peaKIUsUIBIK KaOlIeTi MEH OHOJIOTHSITBIK
KacHeTTepi Kenripiire.

Tyiiin ce3nep: opbiHOACKaH apOMATTHI AJIbJCTH /I, XaJIKOH, MHPAa30JIKH, (DIABOHOH, IMTOKUH, TPAHCKPUILIMOHIBI
thaxrop NF-xB

IIpenapatuBTi MOHI Oap OPTaHUKAIBIK KOCBUTBICTAPIBIH MaHBI3ABI OKUIIEP] peTiHAe o,B-KaHbIKIaraH
KapOOHWNBII  KOCBUIBICTApOONBIN — TaObUIAaAbl, ONApABIH  apachlHaa OcH3WIMAeHaneTodheHoHaAap
(xankoHmap) eneyii opbiH ananel. 1896 x. XanmkoHHBIH ambUIFaHeiHAH [1] Oacrar, OHBIH OpBIHOAcKaH
’KOHE TeTePOLUKIIII aHAaJOITaPbIHBIH XUMUSACHIHA KBI3bIFYIIBUIBIK JKOFAIMAaiIbl. «XaJIKOH» aTaybIH MOJISIK
xumuri CranucnaB Kocraneku (Stanistaw Kostanecki) yceiaapl. On «MbIC» Jenl ayAapbUIaThiH TPEKTIH
«wankoc» (Y0AkOS)CO31HEH IIBIKKAH.

Xamkougap - 1,3-mudenwmn-2-nponen-1-ormap (1) o,p-KaHbIKNaraH KapOOHWIBMI >KYHECIHIH YII
KOMIPTEK aToOMJapbIMEH OailaHbICKaH €Ki apoMaTThl SOpOochl Oap KOCBUIBICTapFa jkaTanusl [2].
XankoHaapaayuc- ;xoHe mparc- GopManapelO0nybl MyMKiH, Oipak mparc- GopMackl TEPMOITHAMUKAIIBIK
TYPaKTHIPaK.
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1. KenTapagrantaOuruxajJKoHaap

XankoHmap TaOWFaTTa KEHIHEH TapaifaH: TyJJep, JXeMic, TYKbIM JKOHE araml KypaMbIHJA
bomaner.Onap (maBoHOMITAp KIIACCHIHA JKaTaTBIHOIpKaTap 3aTrapMeH— (QuraBoHmap, (JIaBOHOHIAD,
(J1aBOHONIIAPMEH THIFBI3 OAIaHBICTHI.

XankoHmap OKULAEpiHIH KeNIIUIrieciMaikTepaiH OapiblK  OpraHIapIapbIHIAATIUKOH  JKOHE
TIIMKO3UATEP TYPiHIE Ke3lecemi JKoHe A CaKMHACHIHIAFB OphIHOAcapiIapAblH CaHBIMEH epeKIIeleHe.
Ocbutaiiina, MbIcallbl, KYPICTITYCTUIEp TYKBIMAACBIHAA JKUI KE3[ECETIH XalKOH OYTeHH OpHallacKaH
typinzeri Coreopsis giganiea KOpeONCHHHIH4-TIIMKO3UAI TYpiHAE, al XaJIKOHAPUHI'CHUH Salix purpyrea
M30CAIMITYpIIO3HTIHIH 2-TTTUKO3UIl TYpiHAe Ke3aeceni [3, 4].

Ocel  yakpiTKa geitin 200-meH actaM  Typii TaOWFaThl XaJdKOHABI arjuKaHmap Oemirii.
OcCIiMAIKTepJeKYpaMbIHIAa  TOTHIKCHI3JIAHFAH  KOCApJIaHFaH OalIaHbICBl  OOJIATBIH  YIIKOMIPTEKTI
(parmeHTiOap TUTUAPOXATKOHIAD KU1 Ke3aece/Ti.

Omap rnmko3ugupieHreHdopmMa, COHJA-aK, METOKCH - JKOHEe MUPAaHTYBIHABUIAPH pETIHIE FaHa
oenrini. MaceneH, keii0ip anMa TypJepiHiH KypaMbIHIA aJaM aF3achlHIa TJIIOKO3aHBIH KapKbIHIbI
OemiHyiH TyZIpIpaThiH (QIIOPUIBMHAIK Ouader) QIOpHI3WHHIH Thouko3ugi (2’-riarokosun, 4°,2°,4,6-
TETPAOKCUANTUIAPOXAIKOH), COHBIMEH KaTap cubOommauH (3-okcudiopeTnH-4'-TIIIOKO3HT), a3¢00TeHUH
TypiHze 2’ - a3e00THHHIHIIIMKO3K/II O0tassl [4].

XankoHnap OumocuHTE3 Ke3iHAeri (UIaBOHOMATHI KOCBUIBICTAPABIH Op TYPJl TONTapIbIH OacTamKsl
3arTapbl Oounbim caHanmaapl. Kekrempae, jka3na jkoHE Ky3le IUIAHETAMBI3IBIH OCIMIIKTep ITYHHECIiHIH
KOIITEreH XapKbIH 0osyIaphl 0ip (p1aBOHOWATHI KJIACCTHIH KOCBUIBICTapHl — XaJIKOHAap ceOeri 00asl.
Onapapl «aHTUXJOPOIUTMEHTTEP» NIEN aTaljbl, Oyl — aMMHak OybIHAA KbI3bLI Capbl OOJIATHIH TYJIiH
cappl murMeHtTepi. TyCTiH e3repTyiH aranm alTKaHAa, XaJlKOH Kypamzbl IpemnapaTuBTi (opMmarap
(dhapmareBTHKa cajgachlHIa, MBICATBI, (PeHHII-3-MEeTOKCH-4-THAPOKCUCTHPHUIIKETOH XoHE 3-(4’-THIPOKCH-
3’-merokcn) 1-¢eHunmnporn-2-eH-1-0H aybl3 KYBICBIH KYTYIiH TYC ©3repTeTiH KOMIIOHEHTI peTiHze
KOJIaHbLIaAbI [5].

XankoHmap caJbICTBIpManbl  Jkui  Oip  TykbimMpacta — Compositae, ocipece Coreopsis
soHeDahliake3neceni. CoHbiMeH Kartap, Keubip Leguminosae (Butia, Cylicodiscus, Glycyrhiza,
Plathymenia, Ulex) xone Dihymocarpus (Gesneriaceae) TaObuIIbL. 1-KecTene TaOUFH MIMKI3aTTaH OO
aJNBIHFaH KeHOip XaJKOoHIap MEH OJapAblH TYBIHIBLIIAPHI KENTIPiJTeH.

2. CHHTeTHKAJBIK XaJKOHAAPIBI a1y daicTepi

CHHTETUKAIBIK XAIKOHIAPXUMUKTED MeH (QapManeBTTep YVIIH aHTapibIKTall KbI3BIFYIIBITBIK
Tynelpafgsl, Oyn OipHemie (akTopnapra HETi3AENTeH: OJIApABbIH HETI3iHAe ailyaH Typili >KOFapsbl
(hapMaKOJOTHSUTBIK, OCICEHITITI 0ap MOJCKyJIajJapabl CHHTE3AeyTe MYMKIHIIK OCepeTiH CabICTHIPMAaITBI
XMMUSUIBIK KYPBUIBICHIHBIH KaparaibIMIbLUIBIFB], COHBIMEH KaTap, Oaralibl CHHTETHKAJIBIK HHTEPMEAUATTap
peTiHae, MbIcalibl, 9p TYpPJi TeTepOLUUKIAI KOCBUIBICTap CHHTE3iHIE MalfanaHy MYMKiHAIr.AHTa KeTy
KepeK, XaJKOHIAPIBIH KOINTereH OallKamaThiH OHOJOTHSUIBIK KAacHeTTepi o,-KaHBIKIaFraH KETOHIIBIK
TONTapIbIH OOJTybIHA OAWIAHBICTHI, OUTKEHI OapIIBIK OMOJOTHSIIBIK OSJIICEH I MOJIeKyanapaa OYJ1 TonTap
Oap, a1 omapel KO0 OEJCeHAUTIKTIH TeMeHaeyiHe akeneni [25]. Kenteren aBropnap Oyn ¢parMeHTTiH
OONYBIH OpHIHOACKAHXATKOHIAPIBIH Op TYPJNi OHWOJOTHAIBIK OCJICEeHAUNIrIMeH OaillaHBICTBIPAIbL:
KaOBIHyFa Kapcel [26], TyOepKye3re Kapchl [27], aHTHOKCHAAHTTHI, BUPYCKa Kapchl, MUKPOOKa KapcChI,
3€H aypyblHa Kapchl )XKoHE 0acka Ja KemnTereH OeiceHaumk Typiepi [28, 29]. OpbiHOackaH XalKoHAAP
MePCIEeKTUBANbI iCikKKe Kapchl mpemapartap Oousbin Tabsmmansl [30, 31]. Conpaii-ak, nepMaTouTTepre
KapChl CEICKTHBTI OCJICEHIUTIKKE We Mpemnapar peTiHae Hazap aymapTanbl [32]. OpeiHOAacKaH XamKkoHAAp
KyH Oarapesutapbl  [33], HMOH-CEJNEKTHUBTI  JJIGKTPOATAp, MOJICKYJIAJBIK  KYPBUIFBUIAP  MEH
¢oTopyHKIIMOHAIIBIK MaTepHasap YIIiH KOMIIOHEHTTEP PETiHAC KbI3BIFYIIBUIBIK Ty AbIpan! [34-38].
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1 kecre - TabuFy MHUKi3aTTaH aNbIHFAH XAJIKOHAAP JKOHE OJIAP/IbIH TYBIHABLIAPEI

Ne XaJIKOHAAP JK9HE 0JIAPABIH TYBIHABLIAPBI Taburu muKizat Ciareme

nn

1 2’-ruapokcu-2,4,6-TpUMETOKCHUXATKOH Andrographis lincate | [6]

(Acanthaceae)
2 2’,4’-quruipoKcu-4-MeTOKCUUTHIPOXAJIKOH (1aBUIUT€HHH) Artemisia  dracuiiculus L. | [7]
(Asteraceae)

3 2’,4° A-tpuruapokcu-3’-[6-runpokcu-3,7-mumernn-2(E)-7- Artocarpus nobilis [8; 9]
OKTaIMCHIJI |XaIKOH

4 2’.4°,6° 4-TeTparuipOKCHXaKOH (M30CaTHITYPIIOI); Arabidopsis thaliana | [10; 11;12;
2,4’ A-TpUrHIPOKCUXAIKOH (M30JIMKBUPUTUTCHIH) (Angiosperm) 13]

5 XaJKOHOHapUHreHHHHIH 2’-O-B-D-rmoko3ua-4’-O-B-reuruoduosuni; | Asarum canadense | [14]
XaJIKOHOHApUHTeHNHHIH 2’4’ -tn-0-B-D-raroxo3ui (Aristolochiaceae)

6 2’,6’-1uruipoKkcu-4’-MeTOKCUXaIKOH; Boesenbergia pandurata | [15]
2’-ruapokcu-4,4’6’-TpUMETOKCUXAIKOH (Robx.)

7 2'.3", 4", 5", 6'-neHTarnAPOKCUXAITKOH Brassica alba (Cruciferae) [16]

8 2'-ruapokcu-2,3,4',6’-TeTpaMeTOKCUXAJIKOH Caesalpinia pulcherrima L. [17]

9 4-runpokcu-2’°,4'-TMMEeTOKCHAUTHAPOXATKOH; H30JIHKBUPUTUTCHUH Crinum bulbispermum bulbs. [18]

10 4,4'-6uc-a-0-rmoko3ui-4,2' 4'-TpuruapoKcu-6-MeTOKCHXaIKOH Derodendron phlomidis | [19]
(arnukoH) (Vcrbenaceae)
3'-(3"-metun-3"-rugpokcudytin)-2',4,4’ -TpUrupoxkcu-6'-

11 METOKCHXAJIKOH; 4'-0-rmoKypOHWI-2,4- TUTUAPOKCU-6'-MeTOKCH-3'- | Humulus lupulus L. | [20;21]
MPCHUJIXAJIKOH; 1-[(2",4'-qurnapoxcu-3’-uzonpeHui-6'-metokcn)- | (Cannabaceae)
¢dennn)-[3-(4-runpoxcudennn)]-2,3- snokcunponan-1-ox; 4-aleTokcu-

2' 4'-mUruapoKCcH-6'-MeToKCcH-3'-ipeHnnxankod;  1-[(2',4'-muruapokcu-
3’-m3onpenmni-6'-metokcn)-penun |-[3-(4-runpoxcudennn)]-2,3-
SIOKCHUIpoMnaH-1-oH;  4-aunerokcu-2', 4'-IUruapokcH-6'-MeTokcu-3'-
MIPEHMIXATKOH

12 4', 6', 4-Tpuruapokcu-5-mMeTokcuxankon; 4', 6'-muruapoxcu-4, 5- | Iryanthcra polyneura | [22]
JIMMETOKCUXAJIKOH (Myristicaceae)

13 2',4', 6'-TpuruipoKcH-4-MEeTOKCHIUTUAPOXATKOH; Iryanthcra virola | [22]
2'-merokcu-4', 6', 4-TpUrHAPOKCHIHTUAPOXATKOH; (Myristicaceae)

2', 4-mumvetokcu-4', 0'-TMTUAPOKCUAUTUAPOXATIKOH;
2'- rmoko3ua-4',6'-1urugpokcu-4-MeTOKCUAUTUIpO-Xaikon; 4', 6', 4-
TPUTHIPOKCH-5-METOKCUAUTUAPO-XaNKoH; 2', 4, 5- Tpumerokcu-4', 6'-
JTUTHIPOKCUAM-THIPOXATIKOH;4', 4-TUMETOKCH-6'"-0- TUTHIPOKCU M-
THJPOXAIKOH
14 Hu-2', 4', 6'-rpuruapoxcu-4-MeTOKCUIUTUAPOXATKOH Iryanthera sagotiana | [22]
(Myristicaceae)

15 2', 4", 6°, 4-TeTparuJpOKCUXAJIKOH (HApUHTCHUH ) Marchantia paleaceae [10]

16 2',4', 6’-TpUruIPOKCUXAIKOH (MMHOCEMOPHH); Medicago sativa L. [10;12]
2',4', 6', 4-TeTparnipoKCUXJIKOH (HAPUHICHHH)

17 4'-repaHuiokcu-4, 2'-TUTrHAPOKCUXATKOH Mellettia ferruginea | [23]

(Fabaceae)

18 2', 4, 0'-tpuruapokcuxankon (muHOcemOpuH); 2', 4', 6', 4- | Vitis vinifera (Angiosperm) [12; 24]
TETParuipOKCUXAIKOH (HAPUHTCHHH); XJIOPOTeH KBIMKBUIEL (5-O-
ka( (HCOUIKIONH KBIIIKBLIBI)

XamKoHAApABICHHTE3ACYIIH ©H MaHBI3OBI omici [39] dopMmi- koHE ameTHIKypamabl KOCBIIBIC-

TapJIbIH KaThICYbIMEH XKYPETiH KPOTOHbI KOHJAeHCanus 00sbin Tabbuiaabl. Kisiizen-1IIMuaT peakiuscot
Ootibiama 32 opbkiHOacKaH aneTodeHoH MeH 40 apoMarTThl OCH3aIbACTHATEPICH KOMOMHATOPIIBI CHHTE3
omicimen 1280 opbrHOACcKaH XaTKOHIAP aBIHIBL.

ANTBIMYIIEI UK KOCBUIBICTApABIHTY3UTyiHe okemnmi[40].

A G g
+ —_—

Arl Ar?

7

Ar', Ar’ = Ph, opsin6ackan deHnIIED, TeTEPOLHKIIIEP
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Kunsiizen-llImuar peaknusaceiH YK CIEKTPOCKOIUASAICT  apKbUIIBIZEPTTEY Ke3iHAE OpBIHOACKAH
OcH3aMBACTHATEPIIH arneToPeHOHMEH 6e3apa opeKeTTecyi eKIiHII peTTi KBUIAAMIBIK TeHACYIMEH
CHUIATTaNaThIHBl aHbIKTamAbl. OckiFan OaimaHbICTBl aBTOpnap [41] peaknusuapAblH €Ki MeXaHU3MiH
YCBIHIBL. BipiHmici — aneTo)eHOHHBIH METHIIII TOOBIHAH MTPOTOHABI Heri30eH amy (MexaHusMm [), exiHmrici
—apJIETH/ITiH KapOOHWIIII TOOBIHBIH KOMipTeriHe STHUIIAT aHHOHHBIH ma0buaysl (MexanmsMm II).

Y CHIHBUTFAH MEXaHU3MIEPIiH opOip CaTBICHIH TEPMOIWHAMUKAIBIK IapaMeTpiiepdi maigairana
OTBIPHIN TANKBUIAY Ke3iHJe, aBTOpaap MexaHu3M Il Tnimaipex nereH KOpeIThIHAbIFa Kenmi [41]:

MexXaHu3M [
O> 1
Ar¥_ _CH; A __CH, g Ar o o
EtO™ + Y _— Y ‘:
(6) -EtOH (0)
-OH H,0
Arz\“/CH3
(0) (0] 0
EtO + D>—Arlm—= EtO—>—Ar1 _——
H H Ar? Ar1
-H,0
(0)

Arz/u\/\Arl

Ar', Ar’ = Ph, opbinbackan deHunep, rerepouukaep

Anatiga, keiOip >karmaiyiapaa, OpeIHOACKaH XaJKOHIAp HaipanaHy KesiHme Oyl omic madbIpiIaHy
MEH OCNTICHTeH ©HIMHIH IIBIFBIMBIHBIH TOMEHICYIHE OKEJCTIH JKaHaMa TOTBIFY-TOTBIKCBI3IaHy
MpoLeCTepiMEH KaTap Kypei.

OnebreTTepAeXaNKoHIap CHHTE31HIH TOMOTEHl JXoHe rereporeHiai karamm3 [42, 43], TocimaepiH
MalaTaHaTeiH CaH ajlyaH odicTeMellepi, OJIapAbIH apachlHIa OeJICCHMIpiIreH Oapuii THAPOKCHIIMEH
karanmusi [44], SOCI, abcomorri EtOH[45], BF;-Et;0 [46]SOCI, e3apa opekerrecyi Ke3iHae in situ
TY3UIT€H TY3 KBIIIKBUIBIMEH, YJIBTPAABIOBICTEIK COyJIEIeHY, MOHIBIK cyibikTapmMeH koca [47, 48] KF-
AlO; xaFpUTFaH KaIMA THAPOKCHUIIMEH Karanu3aepi cumartanraH. Epitkimrepcis [,-Al,Os;, Meramn
OKCHJTEPIH KOJaHy apKbUIbl MHKPOTOJIKBIHABI COYJCIEHYI MNMaijanaHy >»KYMBICTapbl Oenrim, Oy
peakuusi yakbITBIH 3 caraTtaH 80 CeKyHAKaldeiH KpICKapTyFa MyMKiHOIK Oepai [49, 50]. Byn
mIapTTapKajiamaraH peaknus eHimaepiHeH [51] KYTbuTyFa, peakius MIIFBIMBIH apTTHIPYFa KOHE YaKbITHIH
OipHeme MUHYTKa [IIeiiH KbICKapTyFa MyMKiHmik Oepeni. Kisitzen-llmunr peaxkumsiapsiHan Oacka
oneOueTTepae OphIHOACKAH XaTKOHJAP CHHTE31HIH KaTaH eMecC KaFaainapakoFapbl IIBIFBIMMEH ajdyFa
MYMKIiHAIK OepeTiH ambTepHATHBTI JKOJAaphl cumarTanansl. KeiOip »xarmaitnapnma oicTepKalamMaraH
TOTBIFY-TOTBIKCBI3IaHy TIpoIiecTepi Hemece KiaaccukanblK KisiizeH-1IIMuar peaknuschl YIIiH KOJ1 XKeTiMIi
eMeC KOCBUIBICTApIbIH TY3UTyiH OoJapipMayFa MyMKIHZIIK Oepenmi. Aunaiifa, Oy peTte, oleTTe KhiMOaT
peareHTTep, MUKPOTOJKBIHIBI HeMece YJIbTPAABIOBICTHIK 9cep €Ty MEH HHEPTTI arMmocdepamnaiinaiany
KakeT. MocelneH, XalKOHAap 2 CHHTE3l YIIH apuirajJoreHui >XKOHE OPBIHOACKAH IMPOMAapTHI CIHPTI
apachIHJIaFbl MHKPOTOJKBIHIBI KaFdaia0CTiJIeHreH OHIMICPAl JKOFapbl IIBIFBIMMEH a3 YaKbIT
apachlHAaaNyFa MyMKiHIIK OepeTiH CoHorammp YHIecTipy peakuuscsl naiaatansuira [26].

Peakuus RjapoMatTsl simpoja opeIHOACYIIBI PETIH/E AIIEKTPOHOAKIETITOPIIBI TON OOJFaH XKariaiia
FaHa )KYPETiHI KOPCETiNTEeH.
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PdCL,(PPhs),
H 1% Cul N\ M
R,—Hal + HO—Cl—CECH o
0
R, TGF, 120-150°C, 5 o)
MW 8-25 min

—N —N
R, = Ph, 4-CN-Ph, 4-EtO,C-Ph, 3-NH,Ph, >_ ,
Wak W

R; = Ph, 2-tienyl, 3-tienyl, C;Hg

[52] xeMipTeKTiH MOHOOKCHII KATBICBIHAA MajUIaJAWH KaTalnn3aTOPBIH MaiJalaHbIl, XalkoHaap 3
TY3UTyiHE OKENeTiH apWITaloTeHHU]] JKOHE CTUPOJ HeMece OpBhIHOACKaH BUHWINIH XEKTiH YHIecTipy-

KapOOHWIIZEY PeaKIUsACH OOHBIHIIIA MOTIMETTEP KEITipiIreH.
OHiM 3 1IBIFBIMBI  XQJKOHHBIH apOMAaTThl CAaKWHACHIHAA JIMTaHJa MEH OpbIHOACApHIHBIH

naiinananysina OaitnansicTsl 41-90% exeHi kepceTinres.

R] '/
7/ \ Pd/Ligand 7\ \ R,
Hal + H,C=C—R, +CO —
R H
1 3 [§)

R; = H, 4-CHj, 2-t-Bu, 2-CH; 4-CF; 4-Br, 4-Cl, 4-CO,Me,
4-OCHj3;, 3,4-0-CH,-CH,-0, 4-OEt
R, = Ph, 4-t-BuPh, 3-CH;Ph, 4-CH;O0Ph, 4-CIPh, 4-FPh,
-C(0)-O-nBu, -O-nBu
KymeicTeiHaBTOpaapeiMer [53] kartaHemecxkaraaiinaCy3yKHpeaKIHUsCBIHBIHOIpHEIIE HYCKalapblH

nmaiijaraHa OTBIPBIN, XanKoHmAp 4 ajblHABL: OipiHIIICIHZE — IUHHAMOWIXJIOPUAIMEH (QEeHHI
OOpPKBITIIKEUTBI, EKIHIMICIHIE — OCH30MIXJIOPUANCH(ESHUIBUHNUI OOPKBIIKBUIEI TaigaaHbuIansl. Exi

peakiusiia OenrijieH reH eHiM 4 Ty3UTyiHe aKeJl.

Rl = H, OCH3; R2 = H, NOZ’ OCH3;
R3 = H, OCH3; R4 = H, CF3’ NOZ’ OCH3; RS = H, CF3

i): (PPh3)4Pd(0), Cs,COj; toluol. Yield 40-50%
ii)): (PPh3)4Pd(0), Cs,CO;_ toluol.Yield 70-95%
Conpaii-ak, xankoHmapabpl KHeBeHareilb KOHICHCAIMACHIMEH, SFHH ajibJCTHIHEMECE KETOHHBIH

OeyiceH/li METHJICHIII KOMIIOHEHTI 0ap KOCBUIBICTAPMEH, MBICAJbl, HETI3JIK KaTallu3 JKaraalbIHIa
arnietocipke adupiMen (ACD) opekerrecyi apkpuibl amyra Oomansl [39]. bensampnerunriy ACD-meH

OpEKEeTTECY KE3iHIE PeaKIThs XaJKOH 5 Ty31UIyiHe oKee/I.
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XanKoHIApAsl CHHTE3JIEY OMIiCTEPiH OHTAMNIAaHABIpYFa apHANFaH oACOMETTIH CaH allyaHbUIBIFBIHA
KapamacTaH, KeNTereH aBTopiap TeK KaHa JocTypii cuHTe3 oficiH - Kusizen-lImMunrkoHaeHcausIchiH
(Heri3mik xaraaiiaa staHoa 3-48 carat apanacTeipy) nainananans [31, 34-37, 54].

3. XaJKkoHAaApABIH peakUusIbIK KadineTTitiri

XanKkoHOAp JKOFapbl pPEaKIHMsUIBIK KaOuleTTiumikke wue. by omapablH MOJEeKylachIHAAFBl €Ki
ANEKTPO(GHIIBII OPTATBIKTAPABIH — KAPOOHUIIBI TONIICH OHBIMEH KOCapJiaHFaH KOMIPTEKTIH [3-aTOMBIHBIH
OomysiHa OaiinansicTsl [1]. Xankongap C=C-C=0 kocapnaHraH XyHeciHIe dEKTPOHIBIK THIFbI3ABIKTHIH
JIIOKATM3AIMSICH HOTMKECIHIe aMOMACHTTI 3JIEKTPOPUIIEp CEeKUIII opeKeT ere amanbl. XalKOHHBIH
opeKeTTecy KesiHae Hykieohna HeMece KapOOHMIBII TOOBIHBIH KeMipTek aToMbl (1,2-KOChITy), HeMece
KeMipTekTiH [-atombl (1,4-kochiTly) malybul JKacaipl, peakius MexaHu3Mmi 1-cb30aHyckana
KeNTipinreH. XaJKOHAAPABIH OCHI €Ki 3JeKTPO(UIbIl OpPTANbIKTAPBIHBIH TaOUFAThl 9p TYpJi, OYJ MOHO-
YKOHE TUHYKICODUIIEPMEH PEeaKITUIaPBIHBIH XKOFaphl PETHOCEICKTUBTIIITIHIE OaiikamaIbl.

1 - cpi30anyCcKa

/OK/\ +Nu, } iH ]
{ - K/\ )</\

—> — > 1,2-
Ar 7 Ar! Ar 7 Ar! Ar 7 Ar!

0 Nu 1,4-

)O\/\ . i I\ ,
— —_—
Ar AN Ar! Ar x Ar! Ar Ar!

XamkoHIapIbIH MUTIEPa3suHMEH opeKeTTecyl ameTre MmuxasmiH Owc-a3a-aaayKTTapbIHBIH TY3UTyiHe
oKeseni. Op Typil *karfaiapaa *YpriziieTin Oy peakiusuiap oAcOUeTTe KOMIPTEK-a30T OalIaHbIChIH
TY3Y MBICaJIbl peTinae OipHelle peT cunarTanrad [55-57]. MaceneH, XalkoHAap, COHAal-aKk opbIHOACKaH
XaJIKOHAAP TOJYOIJarbl MUTIEpasHHMEH MuxasniH Ouc-a3a-alayKTTapblH TY3€ OTBIPHIN, SpeKeTTecel
[55]. Jon ochunaii KeI3ABIPBUIFAH Kajvid KapOOHATHI KATBICBIHAAFBI HUKIOTeKcaH-3¢up (1:2) KocTachIHBIH
peakuusicel eTeni [56]. VYibTpaaplObic coyneneHyKe3iHAe XalKOH CyJarbl NHIIEPasHHMEH >KOFaphl
MIBIFBIMMEH MuXasiH Ouc-a3a-ayKTTapblH TY3€ OTHIPHII, opekerreceni [57] (2-cpi30aHycKa).

7 A
R | IRy
N N
i — HN NH NG O
e N, NS0 ()
NG~ - N
N N
|
R | R
pZ P

R;=R=H; R;=H, R=3-NO,; R;=H, R=2-Cl; R;=4-Cl, R=H; R;=H, R=4-Cl; R;=R=4-Cl;
R;=4-Br, R=H; R;=H, R=4-Me; R;=4-Me, R=H; R;=H, R=4-OMe; R;=R=4-Me;
R|=4-Me, R=4-OMe; C6H5CH3.
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XanKkoHIApIABIH STWICHANAMHHMEH opeKeTrTecyi MmuxasnaiH Owuc-a3a-aaayKTTapblH [56] Hemece
nrazenmHaepAiH [58, 59] Ty3inyiHe okeny MyMKiH. MoceleH, MONSpIIBIFRI a3 epITKIITepAe OphIHOACTIaFaH
XaJKOHHBIH OSTHICHIMAMHHMEH OpPEKETTeCyl KOMIPTeKTiH [-aTOMblHa KOCBUIyMEH JKYpeli >KoHe
Muxasniy Ouc-a3a-aIyKTTapbIHbIH [56] Ty3inyine okeneni (3-chi30aHycKa).

3-ch130aHyCcKa

NH 0o

0
F NH,CH,CH,NH
2 2 2 2>
K,CO, o
HN

Anatima, Mwuxasnmig Ouc-a3a-aaIyKTTapBIHBIHBIH TY3UTyl peakmus XYPYiHIH JKaJIFbI3 JKOJBI
0oJbIn TaOBUIMANBL [58] KYMBICHIHAA XaJIKOH MEH 3TWICHIUAMHHHIH e3apa opekerrecyiHeH 59%
IIBIFBIMMEH TETPAruAPOIUA3CITHH aTbIHIBI.

4-cp130aHycKa

0
N\
Me” NF NH,CH,CHNH, o [
K,CO, N
H

OJIeONeTTe aTalFaH Peaklnsd MEXaHH3Mi KeNTipiIMereH, Oipak o €Ki caThlma XKYpEeTiHiH OoJpkayra
Oomambl — anapiMeH MuxassdiH a3a-aJayKThl TY3UIeIl, KeiiH KapOOHWIII TONTBHIH KOMIPTEK aTOMbBIHA
eKiHIII aMHH TOOBIHBIH IA0ybUIJaybl apKbUIBI OHBIH LUKJIIEHYi OJKypeai. XalkoHZapAblH n-
(deHMIeHANAMUHMEH opeKeTTecyli KeHiH QuaBoHAap CHHTE3iHAe KOMmaHbutybl MyMkiH Lludd
HETi3AepiHiH Ty3UlyiHe okeneni. DaaBoHIap JKOHE OJNIAPABIH TYBIHABUIAPBIHBIH CHHTE31 OJIapblH JKOFaphl
aHTUOKCUIAHTTHI [60-63], aHKCHOMUTHKAIBIK [64], icikke Kapchl [65] xoHeKaObIHYyFa Kapcel [66, 67]
OenmceHaimikTepaiH OOJyblHa OallaHBICTHI aWTapIbIKTall Ha3ap aymapTagsl. [68] KyMBICHIHIA
XATKOHUMHUHACPIIH TOTHIFY IUKIACHYI apKbUIBI MMHHO(IIABOHIAp CHHTE31 JKaWbIHAa OasHmanraH. by
CHUHTE3[[IH CaThUIApBIHBIH Oipi XaJNKOHIApAbIH OpbIH OacKkaH aHWIMHMEH, aTam a|WTcak, n-
(heHMIeHANAMUHMEH SPEKETTECy1 KoHe YKOFaphl MIBIFBIMMEH COHKeC MMHHHIH TY3UTyl OOJBIN TaObLIaIb.
CoHpait-ak, Oakrepusra Kapcol Oencenniikke ue Ludd mHerizmepi [69] kyMBICHIHIA XaTKOHIAPIBIH N-
(eHMIICeHIMaMUHMEH CYJIBI-CITUPTTI HETI3Aepie 9PEKEeTTECY peaKkUsIChHAH aIbIHIbI (6-ChI30aHyCKa).

H,

R,=2-OH, 5-Br, R=4-OMe.
R,=R=H, R,=H, R=4-OMe; R,=2-OH, R=4-NMe,; R,=H, R=4-NMe,; R,=2-OH, 5-Cl, R=4-OMe;
R,=2-OH, 5-Cl, R=H; R,=2-OH, 5-Cl, R=4-NMe,; R,=2-OH, 5-Me, R=4-NMe,.

o,B-KaHbIKIaraH KapOOHWJII KOCBUIBICTApap TYPJi OphIHOACYIIBUIApH! Oap ymi-, TepT, Oec-, alThl-,
JKeTl Mymem KapOo- JKOHE TeTEepOIUKIepAl TY3yAeri CHHTETHKTIH Ke3 KelreH (aHTa3HsIChIH
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KaHaraTTaHABIPAThIH MYMKIiHAIT KeH exeHi Oenrini [1]. ConapIKTaH XalKoHIap KOMOHHATOPIIBIK XUMUSIA
HETI3r1 HHTepMeauaTTap periame epekme oenrini [70]. Xankonmapaa eki dIeKTpO(III OpTaNTBIKTapABIH
00JIybl AUHYKICODUIICPMEH 9PEKETTECYl Ke3iHAe TeTEPOIMKIICP/IiH, OJap/IblH 1IIiHAC aHHEIUPICHIeH
TeTepONUKIICPIiH Ty3inyine akeneni [1].

XankoHIap KaTbiCa alaThlH KONTEreH Peaklusuiap apachlHAH 9p TYPJi KapOo- JKOHE TeTepOIMKII
KOCBUIBICTApIbIH, OHBIH IITiHAEe OWONOTHSUIBIK OCNCEHIUTIKTIH KEeH CIHEKTpiHe Hue OphIHOAcKaH
[UKJIOTEKCAaHOH MEH MUPUMHIUHHIH TY3UTyiHE OKEJIeTiH AMHYKICOMUIIl peareHTTEPMEH OpeKeTTecyi
€PEKIIe KbI3BIFYIIBUTBIK TYBIPAIbI.

o,B-KaHbIKIaraH KapOOHHWJIII KOCBUIBICTAPABIH (aJdbJETHI, KETOH (XaJIKOH), KBIMIKBUI, 3(dupiep)
Hykneopwigepmen opekerrecyi xkaHa C-C Hemece C-N OaifmaHbIcThIH Ty3inyiHe okeneni. JKana
OalijlaHpIC JAOHOP MEH AaKLIENTOPABIH EKiHIII HeMece TOPTIHIII KeMipTeK aTOMBbl apachlHIa Ty3ilemi.
PeakmusapiH  OipiHmIi THITipeTiHAE KapOOHWIAI TON OOWBIHINA KaparalbIM KOCBUTYIBI, all EKiHIIi
Karmaiaa HyKIeoQHIIiH KOCBUIYBIH —KapacThIpaabl, 3JEKTPOHABI JKYIJOHOPJABIH KOMipTeTiHeH
aKLENTOPABIH OTTETiHE OPBIH aYBICTEIPAIEL.

Gt
Bawates

ATanfaH TpOLECTiH OaFbITBIH AHBIKTAHUTHIH (akTopaap — Oyl KBHILKBUIIAD MEH HeTi3AepAiH
KATTBUIBIFBl MEH KYMCAKTBUIBIFBI TYCIHIKTEPIMEH THIFBI3 OAWIAHBICTHI 3apSATapblH 63apa SpeKeTTecyi
JKoHE OpOWTANmbl colkecTiri. KaTThl KBIIKBUIABIH KATTBl HETI30CH opeKeTTecyl 3apsiaTapablH
OpeKeTTecyiMeH aHBIKTalaabl, al >KYMCaK KBIIIKBUIABIH JKYMCAaK HETi30eH opekerTecyi opOuTaibl
Oakputayna sxypeai [71]. 1,2- xoHe 1,4-Kocbuly peakuusiIapblHAaKapOaHHOHIAPIBIH CalbICTHIPMAIBI
PEaKIMSUTBIK KaOIIETTUTIr MOJICKYJIAIBIK OPOUTAIAAPIBIH YHBITKY TEOPHUICH OOWBIHINA KapaCTHIPHLUIFaH.
byn Teopus Oo#blHIIA (PAHTMEHTTIH DIEKTPOHIBl KYPBUIBICBIH €CKEpPEe OTBIPHII,MAaKCHMAJIBIOH
a¢dekTuBTi 3apian — KapOOHMNIl Kemiprekre, MakcuMmanabl TBMO nokanuzaumscel — [-KeMipTek
aTOMBIHJIA eKeHi KepceTinreH. KapOoHumni Ton OOHBIHIIA KOCBUTY — 3apsATHI, anl 1,4-KOChUTY OpOUTAIABI
Oakputayna xypexdi. bipaeit maprrapmga xkapOoHWIAI Tom OOHBIHIIA HYKICOMWIMIH KOCBUTY IPOIIECiHE
HYKJIeoQUIIl opTaibIKTarel 3apsia Jokammsauusicl, JKBMO sHeprusicblHbIH TOMEHJIEYi KONaHibl acep
ereni. Kepicinme, 3apsAaTelH OeloKamu3anus IopexkeciHiH ecyi, Hykreopunmig XBMO nerreitinig
YKOFapJiaysl OpOUTaNAbI-0aKbIIaHATEIH 1,4-KOCBUTY JKYPYiHE XKaFaai skacaiibl.

PeakuusHbIH €Ki OaFbIThI apachIHIAFbl OajJaHC MIAPTTAphl 9 TYPJIl acepiepre (EpiTKilil, KaTaau3aTop,
TeMIeparypa) Ce3iMTaJAbUIBIFbl COHINA, MPOLECTepAiH OipiH ITOMHUHAHTTBHI €Ty VIIIH CalbICTHIPMAJEI
KINIripiM e3repicTepaiH 631 KETKUTIKTI

ConpplkTaH O€pUIreH  paeKUUsSHBIH  apThUIBIKIIBLUIBIFGL 7@, KEMINUIr JIe  HYKIeohHIa
OpTaJBIKTApABIH 9p TYPJi peakuusuiblK KabinerTimiri Oonmeim TaObimangsl, ceOebi mapTTapra peakius
OHIMJIEPiHIH KYPBUIBICHI FaHa eMeC, COHBIMEH KaTap OJIapJbIH IIBIFBIMBI MEH Ta3aJbIFbl TOYeN i O0MaIbl.
COHFBI XBUTIAPHl CHHTETUKTEPAIH Ha3aphl peakius MapThlHa OaiIaHBICTEI op TYPJl OHIMAEPAl aTyAbIH
TOCUIAEpiHiH JamyblHa OarbITTanFad. byHnmaii mpomecTepli «aybICTHIPBUIATBIH CEJICKTHUBTLIIN 0Oap
peaxmusuiapy nen ataiael. Onap COHFBI YaKbITTa, acipece OMONOTHSUIBIK OeNCeHAl KOCBUIBICTap CHUHTE31
VIIiH KEH KOJIAHBIC TalThl. «AYBICTBIPY» OIICTEpiHE >KOFaphl aWTBUIFAaHAapiaH Oacka (epiTkirm,
KaTaln3aTop, TeMIepaTypa) MUKPOTOJIKBIHABI HEMece YIbTPaabIObIC acepiepi xkaranpl[72, 73].
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4. XankoHJap TYBIHABUIAPBIHBIH OUOJIOTUSIIBIK OeIICEHIUTIT

XamkoHABI pparMeHTi 0ap KOCBIIBICTAP P TYPIi OMOJOTHSIIBIK OCJICeHIITIKKEe ue. MBICalbl, oap ap
TYpJi icikTepre aWTapibIKTall OelCeHMIK KepceTelli KoHE XEMOIPOTEKTOPNbl KacueTrepre ue. ByHEI
OJIapJIbIH aHTHOKCUAHTTHI OCJICEHAUTITIMEH OaillaHbICTRIpYFa Oonaasl [74-77].

XankoHIapaeH 0acka MaHBI3IBI KACHETTEpi OakTepusIapAblH 6CyiH HHruoupiey kKabineri [78], 3eH
aypybIHa Kapchl JKOHE BHPYCKa Kapchl OelceHAuTik kepceryi [79] Oombim Tadbutamel. COHBIMEH KaTap,
oJlap KamuuIApJIap/bl KaTalTy KaOiJeTiHe ue jKoHe KaObIHYFa Kapchl 3aTTap PETiHIE KOJIIaHBUTYbI MYMKIH
[80]. Aranran OenceHmimik TypiepiHeH Oacka Oe3rekke Kapchl [81-85], xartep:i icikke xapchl [86-88],
mapBUIUATH [89], mMmMmyHOTYpaeHAipymmi [90], aHTUTHNEPTIMKEMUSIIBIK, TyOepKyne3re Kapcel [91],
AHTHUIPOTO30MJIBI KOHE AHTUMHUTOTHUKAIBIKOEICeHIIKTEp [92], COHBIMEH KaTap ONapiblH OaKTepusra
Kapcol [93, 94] sxoHe3eH aypybiHa Kapchl [95, 96] 3atTap peTiHae KOMTAHBUTY MYMKIHJITT aHBIKTAJIbL.

depMeHTTepre, oCipececyTKOpeKTiIepain anmbda-amunazackl [97], mukimookcurenaza (I1OIN) [98],
MoHoamuHOKcHuaaza (MAO) [99], neiikotpuen B [100], Tuposunaza [101], pemykrasa anpmo3ackiHa [102]
oHe T.0. MHTHOMpiey ocepi KepceTinreH. XalKOHIapFa TOH JKOFapbl OMOJOTHSUIIBIK OeJCeHATiK Oy
KOCBUIBICTAp/IBIH 9p TYPJIi OMOJOTHSUIIBIK HhICAaHAIAPMEH opeKeTTecyi OOMBIHIIIA 3epTTeyJIep liH AaMyblHa
ocep erTi. XamKOHAAPIBIH OCIMIIKTep KypaMblHIaFbl (YHKIWACH >KalbIHIAA KONTETCH ToXipHOeTiK
MamiMeTTep Oap, ojap XaJKOHAAp OCIMIIK ar3achlHua OeJiceHal (U3MOJOTHSIIBIK POJl aTKapaThIHBIH
TYXKBIpBIMJIayFa MYMKIHAIK Oepeni.Onap canbICThIpMaibl OHall TOTHIFabl HEMECE TOTHIKChI3aHA bl JKOHE
ONapIIbIH TOTHIFY-TOTHIKCHI3IaHy TOTEHIMANBI 3aT ajuMacyla KaThICaThIHBIH Kepceremi.KeiOip xamkoH
KYPBUIBICTBIKOCBUTBICTAP KOPFAHBIITHIK (YHKIMICHIH [95], ThIHBICATY KaTanu3aTopiapbl (yHKIUSIIAPBIH
aTKapaJbpl KOHE OCIMIIK KacylllaJapbIHBIH TBIHBICAY KE31HJIETT TOTHIFY-TOTBIKCBI3/IaHYy IPOIECTepiHE
KaThICAIbI.

DJIEKTPOHIOHOPJIBI OPBIHOACYIIBIIAPEI, MBICATIBI METOKCH-, TUAPOKCH- TONITApPhI, 0ap KOChLIBICTAp, €H
JKOFapBIMUKPOOKa Kapchl Oencenaik kepcereni [103]. Kypambiaaa Oip-eki xjop Hemece QTop aTOMbI 6ap
XaIIKOHAAp 3€H aypyblHa >KOHE MHKpOOKa Kapchl JKOFapel OenceHminik kepceremi. Kypambiama
okcatnoiioH [104] ¢parmenTi 6ap XaTKoHAAp apachkIHIA aJaMHBIH KaTepili iCiK JKacymrajapblHa, COHBIMECH
Karap Micrococcus luteus,Staphylococcus aureus, Micobacterium tuberculosis HRv KaTbICTHI
[UTOYBITTHUIBIK KOPCETETIHKOCEUIBICTAD TAOBLIIBL.

CoHpait-ak, XaJKOHIAPABIH KBI3BIFYIIBUIBIK TYABIPATHIH KACHETTEpiHE KaTepii icik jkacyriamap
anonTo3acklHeIH MHUIMpeEyi [105], omapaslH MUTOXOHIpPUANIBl THIHBICATYBIH AayBIPJIaTybl >KaTajbl.
Makana aBtopinapsl [106] A >xoHe B cakuHamapblHAa THAPOKCHI TONTAaphl a3 XaJKOHAAp KypaMbIHIA
THJIPOKCHJI TOTITaphl KON XaJKOHJAPMEH CAIBICTBIPFaHAa eIoyip THiMIi ekeHi kepceTinreH. OchiHIal
OeNCeHIITiK apIpMaIIbUTBIFBIH (peHoapl OH-TonTaphIHBIH KBITKBUIIBUIBIFBIMEH TYCIHAIpYTE OO0JIasbl.
XankoHAp UUTOYBITTBUIBIK OCJCEHIUNrH KOpPCETeTiH KEHIHEH Oenruri MexXxaHusMIepaiH Oipi
XaJIKOHAApABIH MUTO3 (ha3ackiHIa opekerTecyi Oombin Tadbutanasl. Nam N.H. aBropiap yxeimbiMeH [106]
2'.5'- IMTUaPOKCUXATKOHHBIH TYBIHIBUIAPBIHBIH OCJICEHAUTITIH 3epTTeMi, XaIKOHIAPABIH KO
KaTepJii ICIK JKacylIaJapblHBIH 9P TYPJi KarapjapblHa KapChl IIMTOYBITTBUIBIK OCJICEHIIIIK KOPCETETIHIH
aHBIKTA]IBL.

XaIKOHIAPIBIH JUTHAPOKCOTYBIHABLIAPHI KOCBUIBICTHIH KYPBUTBICHIHA OaiiIaHBICTHl aHTHOKCHIAHTTHI
oencenaitik  kepceremi [107]. XankoHmapIblH aHTHOKCHUAAHTTHI OelceHauTk MexaHu3mi [108]
JKYMBICHIH/IA CHIIATTAFaH. XaJKOH MOJICKYJIACBIHBIH paJUKalIMEH OpeKeTTecyl Ke3iHae (HEeHOKCHITI
paauKanm Ty3uledi, COHBIMEH Karap O€H30J1 CaKMHACHIHBIH Opmo- JXOHenapa- TUTHAPOKCHIICHTEH
Xy#enepl AenoKaau3anysiIaHFal JIEKTPOHAApPEI Oap skyienep OONbIN TaOBUTaMbI, COHABIKTAH OJapaaH
TY3iIeTiH (DEHOKCHATI pajuKaiiap TYpakThl CEMUXHHOHJBI paJvKaiiapra OHal aybicajibl, KeHiH omap
XUHOHJApFa aifHajanbl. BeH305 CaKMHACHIHBIH Mema-JAUTHAPOKCHIJIGHTeH >KyHeci 3IeKTpOHAapAbIH
METOKAIM3AITMACHl  VIIIH THIMAUIITI TOMEHIPEK, COHABIKTaH (QEHOKCHUATHI pajuKaagap KeHiHri
aliHalTyJIapFa yuiblpail anMaiasl.

Opmo-(aran 2',3'- men 3',4'-) xoHe napa- (srHH 2',5'-) opbHOacywIbIapsl O0ap XadKOHAAp eTe
JKOFapbl aHTUOKCUAAHTTHI OenceHaitik (50 pM KOHIIEHTpanusCHIHIAFbI OaKbLTAyMEH calbICThIpFaHa 80—
90 %), acKOpOMH KBIIIKBLIBI MEHO-TOKO(GEPOJIIBIH OCICEHAUIIMNMEH IIaManac, KopCeTeTiHl aHBIKTaJIbI.
Exinmi xarpiHaH, wmema- (srau 2',4'-nen3’,5'-)opeiHOacymibiiapsl  Oap xankoHgap (OakbuiayMeH
canpicTeipranna 25 %) 200 pM xkoHIeHTpanusaa (IC50 > 200 uM) OeJCeHUTKTIH ensyip KeHeT

TGMGH,I[CyiH KGpCGTCI[i. E¥ﬂ MQJ'IiMeTTCp B AAPOCBIHAA eKir UAPOKCUJT TONTAPBIHBIHOPHAJIACYbl MaHBI3/IbI
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AHTUPAIUKAIIBl OCJCEHAUTITIHIH KYPBUIBICTHIK (DaKTOpPBI OOIBIN TaOBUIATHIHBIH, Oprmo-OpbIHOACKaHMEH
CaJBICTRIpFaHAA KNapa-OpPBIHOACKAH KOCBUIBICTAP JKOFaphl OCNCEHAUTIKKE HWe eKeHIH KepceTemi. A
CaKWHACBIHAA OPBIHOACYIIBIIAPABIH Napa-KarJaiiblHa aybICYbl aHTHUPAJAWUKAIIbl OCJCEHIUTIKKE KATThI
ocep ermeini. bByn OeH301CaKWHACHIHBIH ~ napa-OpbIHOACYIIBIABIH — SJEKTPOHABIK 3 dekTinepi
aHTHPAAUKAIIBI OETICCHIUTIKKE 9Cep eTIeUTIHIH KopceTe .

Keitbip ruapokcHXaaKOHIAPABIHIIOTCHITHAIIN  aHTHOKCHAAHTTH  Oencenminiril,l-mudenn-2-
NUKPUWITHIPA3HA KoHE Oocruapokcun paaukanaapbiH [108] wuHrHOMprney KaOiNeTTimiri apKbUIBI
Oaramannel. Hapunrennn wmendumoperun ymia (MCF-7) cyt OesmepiHiH Karepii icik jkacymiamap
KaTapblHa KaTBICTHI aHTHIPOIH(EepaTHBTI OCICEHIUTIK aHBIKTanMaznbl. Aumaiima Oacka XamkoHmap(2'-
THAPOKCUXAIKOHIIBI ~ KOca  KapacThIpFaHia)  JKorapbl  KoHmeHtpamusuiapaa (10,50 uM)
aHTUNIpONUGepaTHBTI OCJCEHAUTIK KopceTTi, al TeMeH KoHueHTpauusuapaa (0,01-1 puM) skacymansik
OCyIll YIeTTI.

XaakoHIApAbIH KaObIHYFa Kapchl OCJCEHIUTK KOpCeTyiHe  0,B-KaHbIKIaraH  KapOOHHIIII
¢yHkumoHanaplK ToOBI sxkayanTsl. H.L. Yadav yxeiMpiMeH [109] xankoHmapnaelH Oec TyBIHIBICHIHAH
TYpPaThIH CEepUSHBI CUHTE3/ENl Je, apTKbl asKTBIH KappareHWHII iCiHyi OOJFaH ereyKyWpbIKTapra
KaOBIHyFa Kapchl OCJICEHOUIITIH 3epTTedi. 25 MI/KT J03achIHIANepOpaabl CHTI3UIreH XaaKoHmap
TYBIHIBIIAPHl iCIHYIIH epinyiH enayip Ttexeni. COHBIMEH Karap XalKOHIAPABIHKAOBIHYFa KapcChl
OenceHAUTITIH 3epTTeyAiH HoTmxkenepi [50] MakamacelHAa KenTipinreH. benceHmipinreH makpodarrap
KaOBIHYFa KapChl TYPJIEPIHAE XKOHE op TYpJIi MEAUATOPIAPIBI, COHBIH IITIHAE JEHKOITUTTED MUTPAIHSICHI
MEH ICIHYJIH TY3UIyiH, COHBIMEH Karap JCHKOLUTTEP aKTHBTUIIrT MEH HUTOKHH TY3UIyiH KCHUIICTETIH
MOTEHIUANIBI TAMBIP KCHEHTETiH areHT Ooubin TaObuiaThIH a30T okcuaiH (NO), Oocatbin anxyaaHerisri
pen aTkapasl B-cakMHaHBIH 3JEKTPOHIBIK THIFBI3IBIFBIH APTHIPATHIH OPBIHOACYIIBLIAPHI, MbIcabl MeO-,
BuO-, Me N-tomrapbel 6ap xamkoHmap NO Ty3uly MpolleciH MHTHOUpICY/ie alTapibIKTail OelCeHIiK
kepcerneiini [110].

S.J.Wonyxbemmpivern [111] 2'.4-muruapokcuxankoH, 2'-TUAPOKCU-2-TUEHUIXAIKOH,2 -THIPOKCH-3-
THCHUIIXAKOH XoHe 2',5'-TUTHAPOKCH-UHI0N-3-MI-XAJIKOH MOTCHINAIILKAOBIHYFa KapChl areHTTEp
0O0JIBIT TAOBIIATHIHBIH KOPCETTI.

[112] >xyMBICBIHIA XaJIKOHIAPIBIH TUIEPTINKEMUSIIBIK OenceHimiri 3eprrenmi. MHCYymuH Toyenni
emec guaber (II Tunri gmader) WHCYIMH-TYPAKTBUIBIK, TUMIEPTIUKEMHS YKOHE THUIICPUHCYJIHHEMHUSIMCH
CHUITATTANIATBIH CO3BUIMANIBI META0OIMTUKAIBIK aypy Oonbln TalObmansl. Broussometia papyrifera-
OannipoTenHTHpO3uH Qocdaraza (PTP1B) sxoHe anpao3aHblH peayKTazaQepMEHTTEPIH CEeNeKTHBTI
WHTHOUPIEHTIH  OpbIHOACKAaH  XanmKoHZap  anblHABL  OnapablH  aHTHOKCHIAHTTBHI  KacHeTTepi
TUTIEPTIINKEMUSITBIK areHTTEp PETiHAe KapacThIpyFa MYMKIHAIK Oepemi, ce0edi mrabeTUKTEpae TOTBIFY
CTpecc MaHbBI3ABI peid aTkapaibl. 3,4-/lMMEeTOKCH TYBIHABUIAD €AJYyip JKOFaphl aHTUTHIIEPTIIMKEMHSIIBIK
a¢deKT, aT MOHOMETOKCH TYBIHbIIAp TOMEH OeICeHIUTIK KopceTeT.

XIopKypaMIsl XaTKOHAAPEIoyip KOFaphl aHTHILIA3MOIUANIEI OCICEHIITIK, TPHA30JIAbI, ITHPPOIIBI
JKOHE OCH30TpHA30JIbl CaKWHANAphl Oap XalKOHIAp — AaHTHUIIAPA3HUTTIK OEJCeHMITIK KepceTei.
Mopdonuuai cakuHackl Oap XaJdKOHAAPABIH XJIOPTYBIHABUIAPHI €H TOMEH OCNICeHIUTIKKE He eKeHi
aHBIKTaNAbl. KypaMbIHa Tpras3oiabl cakiHa MEH XJIop 6ap KOCBUIBICTAp €H JKOFaphl aHTUILTa3MOAHAIIIBI
OenceHcinikke ne,0yi minriHi OOHBIHIIA YIKEH eMecKypaMmblHaa Oip HeMece OipHelle a30T aTOMBI Oap
nunoduiai TonTap 0e3rekke Kapchl OeNCEHIUTIKTI inVitro apThIPaThIHBIH PacTaiIbl.

Operabackan xankounapasiH [(4-Cl, 4-MeO, 3,4,5-(MeO);] arTUIIIa3MOUINANABl OSICeHILUTIKTI in
vitro 3epTTeyiminmiai OoipIHIIa areTodeHoH (pparMeHTiHAEe a30T aTOMBI HEMEce aMHUH Oap YJIKEH eMec
JKOHE OpTAATMIOGUIIII TONTAP MOTCHIUANABIOE3reKKe KapChl areHTTep OOJBIN Ta0bUIATHIHBIH KOPCETTI.
OchIHIal KOCBUIBICTAp JH3MMAa I[HCTEHUHIPOTEA3aHbIH OEJCEHIi OpTAIBIFBIHAA OOJNATBIH THUCTUIUH
KaJIIBIFEIMEH CYTEK OalTaHBICHI €CECIHeH KOChIMIIIA OaiTaHpICyBIH KAMTaMachl3 €Tyl MYMKIiH.

Tuapodunai cunaTTarbl XauKOHAApFa, sSFHUA XankoHIapAslH OH-TybIHIBIIapBIHA, A SAPOCHIHAA
HaTalMH  JKOHE  NUPUAMH  ¢parMeHTi  Oap  XaJKoHZap  YWIH  aHTHJICHIIMaHUAaJIbI
oencennmimik[113,114]ron. XankoHmap KaTapblHBIH THpPA3WHA3aHBI MENAHWH TY3UTy peakIisIchiHa
KaThICTBI HMHTUOMpJCY OCJICEHAUNITDKOHE aHTHOKCHIAHTThI MyMKiHairizeprrenmi[115].A xone B
apomartThl siaponapbiHaa OH-TonTapbiHBIH OpHANacybl MaHBI3AbI OOJBIN TaObLIagbl, ce0edi A cakuHachI
OOWBIHINIA THUIPOKCHIIEYMEH CaNBICThIpFaHAa B cakuHachkl OOWBIHIIA THUAPOKCHIICY THPa3HMHA3AHBI
eIoyip KOoFapbl HHTHOUPIIEY KaOIIeTTUTIKKE OKeIeIi.
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5. KopbIThIHBI

Tabwury XaJIKOHIAPABIH KSH CIIEKTPIIi OMOJIOTHUSIIBIK ocepi 6ap Oaramsl papMaKoJIOTHSIIBIK KaCHEeTTepl
OCBI KJIACCTBIH OMOJOTHSUIBIK OCIICEHIUNITH apTThIpy MIHAETTEPiH HICHIyre apHajFaH jKaHa TICUIIepAi
JKETINAIpYiH OoJrKayFa aral TyFbI3abl )KOHE MYMKIHIIKTEpiH KeHeHTe .

XanmKoH/Aap MOJIEKYJIalapbIHBIH KYPBUIBICBIH ©3TepTY apKbUIbI OJapJblH OMOJOTHSUIBIK ChIHAKTapna
OeJICeHIITiK a0COMOTTIK KOPCETKIMITEPiH apTTHIpyFa 00JIabl.

XankoHnapo, P-KaHBIKMaFraH KETOHIAp pEeTiHIEe, KOCBUIBICTApABIH 0acka KIacCTapbIHBIH KOJDKe-
TIMJIUTITT TOMEH TYBIHABIIAPIBI aly YIIiH 0acTamKhl 3aTTap PETIHAEKBI3BIFYIIBIIBIK TYIBIPAIbl, OYII eKi
ANEKTPOQHUITBII OPTANBIKTAPABIH - KapOOHWIBAI TOOBIHBIH KOMIPTETiI aTOMBI MEH KOMIPTEKTIH [3-
ATOMBIHBIHOOJTybIHA OAalITaHBICTHI.
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ALKALOID-BEARING SPECIES OF THE GENUS ACONITUM L.

Abstract. Analytical review of alkaloid-bearing plants of the genus Aconitum L. has been carried out. The
obtained data will serve as a basis for scientific research of some plantspecies in the genus Aconitum L., isolation of
alkaloids including high purity aconitine tocreate a new drug substance.

By identifying specific habitats of species of this genus in the flora of Kazakhstan, it is established that most
herbarium materials have been collected in mountainous floristic regions of the flora of Kazakhstan, which justifies
the need to study samples of the genus Aconitum L. from the indicated floristic areas. The herbarium fund of the
InternationalResearch and Production Holding “Phytochemistry” JSC (KG) includes herbarium materials of 9
species of the genus Aconitum L., of which the most common species aredconitum leucostomum Worosch. and
Aconitum monticola Steinb.forming large thickets inthe nature.

Keywords: Aconitum L., alkaloids, chemical study, herbarium materials, cameral treatment.
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AJIKAJTIONIOHOCHBIE BU/IbI POJAA ACONITUM L.

Annoranus. [TpoBeneH aHamuTHYECKHA 0030p aKATOMIOHOCHBIX pacTeHui poma Aconitum L. TlomydeHHBIC
JIaHHBIE TIOCIY>KaT OCHOBOW JJisi Hay4YHBIX HCCJIEIOBAaHMII HEKOTOpPBIX BHUAOB pacTeHUd ponpa Aconitum L.,
BBIJCIICHUIO AKAJIOWIOB, B TOM YHCJIE AKOHHTHHA BBICOKOH YHCTOTBHI AJSI CO3JaHHMS HOBOTO JIEKAPCTBEHHOTO
BEILIECTBA.

ITo BBISBIEHHMIO KOHKPETHBIX MECT MPOM3PACTAHUS BUAOB JaHHOTO poja Bo ¢uiope Kazaxcrana, ycTaHOBJIEHO,
4TO OOJIBIIMHCTBO TepOApPHBIX MaTepPHUaIOB COOpaHbl B TOPHBIX (uioprcTHUecKuX paioHax (iopel Kazaxcrana, uto
CBUJIETEJIBCTBYET O HEOOXOIMMOCTH H3yudeHHsi oOpa3uoB ponpa Aconitum L. 13 ykazaHHBIX (DIOPUCTHYECKUX
paiionax. B repbapHom ¢onne AO «MexayHapoaHbIH Hay4YHO-IIPOU3BOJICTBEHHbIH XonauHr «Dutoxumus» (KG)
nmeercs repbapHbsle MaTepuaibl 9 BUIOB poxa Aconitum L., W3 HUX HanboJiee 4acTO BCTPEUAIOTCS BHUIBI poja
Aconitum leucostomum Worosch. u Aconitum monticola Steinb., 0Opa3yroriue O0JbIIHe 3apOCIIU B IIPUPOJIC.

KiroueBsble cinoBa: Aconitum L., ankanonapl, XMMHYeCcKOoe M3ydeHHE, repOapHble MaTepualbl, KaMepaibHas
00paboTka.

[IpencraButenu poga Aconitum L. OTHOCSATCS K OOHHM M3 HamOoJee IEHHBIX aJKATOWIOHOCHBIX
pacTeHuil  cemeiicTBa  JIOTUKOBBIX  (Ranunculaceae) w  ABIAIOTCS  OOTaThIM  HMCTOYHHUKOM
MO YHKIIMOHAIBHBIX TETEPONUKINIECKUX COCIUHEHHN - TUTEPIICHOBBIX alkaaousoB. PacteHus poma
Aconitum L. TOCTYIIHBI M IIHPOKO pacrpocTpaHeHHB B Kaszaxcrame, B ctpanax CHI', Ha Tepputopuu
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Kuras u Cpenneit A3uu, HO B 3aBHCHMOCTH OT MECTa MPOM3PACTAHUS Pa3IUYalOTCs MO0 Ka4eCTBEHHOMY
COCTaBy M KOJHMYECTBEHHOMY COAEp)KaHMIO. YCHIIEHHOE BHHUMAaHHE HCCIIENOBATENe K TUTePIIEHOBBIM
ajKaionaM O0YCJIOBJIEHO M3BECTHON CIIOKHOCTHIO MX CTPOCHMSA M BBITEKAIOIIETO0 M3 3TOTO IIHPOKOTO
crekTpa (hapMaKoJIOTHUECKOW aKTHBHOCTH. [IMTEpIieHOBBIE alKaJoOUAbl 00Nagar0T MIMPOKUM CIEKTPOM
OMOJIOTHYECKON aKTHBHOCTH: IMPOTHBOBOCHAIUTENBHON, MECTHOAHECTE3UPYIOIIeH, aHTHAPUTMUYECKOH,
CIa3MOJIMTHYECKOH, MPOTHBOOITYXO0JIEBOI, MHOPETaKCAaHTHOM, YTO ITO3BOJISIET pacCMaTpPHBATh HX Kak
WCTOYHUK MEPCIEKTUBHBIX (hapMaKOIOTHIECKUX COCIMHEHHM.

IIpn ¢dapmakorHOCTHYECKOM H3Y4YEHHH pacTeHWid poaa Aconitum L. BBIABIEHO, YTO BO BpeMs
[BETEHHs] OYEHb SIOBHUTHI BCE HA/J3EMHBIE YacTH — CTeOJNH, JMCTHS, IBETKH. Ho caMbIM cmepTenbHO
OTIaCHBIM SBIISIOTCS KOPHEBHINA U KIIYOHH pacTeHUs, KOTJa UAET HAKOIUICHHE AJIKaJOUI0B. Y CTAHOBIICHO,
YTO B KOPHEKIYyOHSIX JIaHHOTO BHJA PACTCHUS KOJIMYECTBO AIKAJOWAOB YBEIUYUBACTCS B TEUCHUH BCETO
BETeTallMOHHOTO ITEPHO/a U JOCTUTAET MAKCHMYMa OCEHBIO.

Bunel Aconitum mpencTaBiAOT WHTEPEC B KadyeCTBE JIEKAPCTBEHHBIX PACTEHH, MOTOMY YTO OHHU
001aafoT MHOTOYUCICHHBIMA HM30NMPEHOUIAHBIMA COSIWHEHUSMH B KadeCTBE TIJIABHBIX BTOPHYHBIX
MeTaOOJITOB: TETPAIUKINUECKHE TUTepIeHOUAHbIE ankanouabl. CTpyKTypa H30MPEHOU30B poja
Aconitum sBIII€TCS HEOOBIYHOM, TaK KaK B 3THX PaCTCHHUSAX HHU3IIHE TepreHOUIsI (MOHO - C-10 1 ceckBH-
tepreHbl C-15) mpuUCyTCTBYIOT TOJNBKO B HE3HAYHTEIHHBIX KOJIMYECTBaX, TJIaBHBIM 00pa3oM B IBETax,
TOTJa KaK BCE YaCTH HAKAIUTMBAIOT JUTEPIICHOUIHBIE COeTMHEHHS CBOSOOPa3HBIX CTPYKTYPHBIX THIIOB.

Bonee 70% coBpeMeHHBIX TOMEOTIATUIECKUX CPEICTB MOIYYarOT U3 JIEKAPCTBEHHOTO PAaCTUTEIHHOTO
celppsi. Pactenus pona Aconitum L. SBIAIOTCS OJAHMM W3 HamboOJee HCIONb3yeMBIX B roMmeonaTuu. B
I'omeonaruueckue @apmaxonen Benymux crpad mupa (I'epmanns, @pannust, CLLIA u apyrue) BKIIOYECHEI
mperaparbl akOHUTA, TOJy4YaeMmble W3 CIeIyIONIMX BHIOB pacTeHui: Aconitum napellus L. (Goper
anTeuHblit), Aconitum ferox Wall. (0opelt soBUTHIH), Aconitum lycoctonum L. (Gopel BoT4Hii).

o pannaeiM «®noper CCCP» Bo BceM Mmupe HacuuThiBaeTcs Oonee 300 BUmOB akoHHTa, u3 HUX 70
BUJOB - Ha Tepputopun OsiBmero CCCP. B cBoro ouepens 14 BumoB BetpeuaeTcs Bo ¢uiope Kazaxcrana.
[IpomspactaroT B ropax Ha JIECHBIX M CYOQIBIHHCKUX JIyraxX, cpeau KyctapHukoB [1-2]. B pabGore
I'ememxkueBoit H.I'. [3-4] oTmedaeTcs, 4To Bce 14 BUIOB OTHOCSTCS K aTKaJIOMIOHOCHBIM PACTCHUSM.

Y4eHBIMH pslla CTpaH TPOBOAITCS HWHTEHCUBHBIC HCCIIENOBaHHUS pacTeHWid pona Aconitum L.
Bonpmioit BKiTam B HMCClieOBaHUE pPAacTeHWU BHIOB poaa Aconitum BHecnu y30ekckue ydenble C.1HO.
IOnycoB, M.C. FOnycos, B.A. TensHoB, 3.0. AxmeToBa, .A. beccoHoBa, a Takke 3apyOeKHBIC YICHBIC
Takayama H., Pelletier W.S. u ap., koTopeIMH OBbII OmpefelieH OCHOBHOW cOCTaB alkanouaoB. Mmwu
pa3paboTaHbl IKOHOMHYECKH BBITOAHBIE W SKOJOTHMYECKH O€30MacHble TEXHOJOTHH IPOW3BOJICTBA
npenapara «Anranunuiy Ha OCHOBE CYOCTaHITMH JIANMIAKOHWTHHA 1 W3 KOPHEBWIN W KOpHEH Aconitum
leucostomum Worosch. (Oopeny Oenoycrteiit) u Aconitum septentrionale Koelle. (Oopery ceBepHbIii),
«Aumuapummunay 2 W3  OTXOAOB TPOW3BOACTBA  aJUTAIMHWHA, CYMMAapHBIX  MPEraparoB
AHTHAPUTMHYECKOTO JNEUCTBUS «AKxnesun» W3 Ham3eMHOW dactu Aconitum leucostomum Worosch. u
«Axcapummuny w3 xopuesuil Aconitum septentrionale Koelle. Pa3paboTana TeXHOIOTHs MPOU3BOJCTBA
cyOcrannmu OuopeaktuBa «Axonumunay 3 w3 kiuyOHed Aconitum soongaricum Stapf. (Ooper
JDKYHTapCcKui) [5-12].
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bnaronaps uccnenoBanusiM axageMukoB - xumukoB C.HO. m M.C. IOHycOBBIX M akaJeMuKa -
kapauosnora E.W. Ya3zosa ankanou]1 JanmnakOHUTHH 3aHsJ B BUJIE Tpenaparta « Anianutuny Ipo4HOe MECTO
B psAy aHTHAPUTMHUYCCKUX cpeacTB. OH PEKOMEHJOBaH MPH HADKEIYOYKOBOM M IKEITYyJAOUYKOBOMH
9KCTPACUCTONMH, MAapPOKCU3MaxX MEpPUAHUS W TpENeTaHWus TMPEACepIul, Taxukapauu. JlanmakoHUTWUH
WHTEPECeH TeM, YTO OH OKa3aJiCs MOJBIACTHBIM CHHTETHYECKHM TpaHC(HOpPMAIIHMSIM, HTOTOM KOTOPBIX
CTaJli BEMIECTBA C COXpPaHEHHOW (hapMaKOJIOTHIECKOH aKTHUBHOCTHIO, HO CYIIECTBEHHO MOTEPSIBIINE BPeI-
HbIe TOOOYHKIC cBOMcTBa. ClielyeT OTMETHTh, YTO BBEJCHHE aToMa OpoMa B MOJIEKYJy JIAIITAKOHUTHHA
MIPHUBEIIO K COSAMHEHUIO, B 5 pa3 MeHee TokcmuHOMY ¥ B 10 pa3 Gosee akTHBHOMY KaK aHTHAPUTMHUYECKOE
cpencTBo. JlanmmakoHUTHH MPOAYITUPYIOT ABA BUAA aKOHUTA - Aconitum lycoctonum L. (6bopen Bouuii) u
Aconitum septentrionale Koelle. (6open ceBepHblii). Kak mokazanu ucciaenoBaHUs U3BECTHOIO OOTaHUKA
H.U. denopoBa, TOIBKO Ha TEpPpUTOpHM ballkupuy >3KCIIyaTallMOHHBIA 3amac KOpHeW Aconitum
lycoctonum L. nocraTodeH mis o0ecTieueHNs MOTPeOHOCTH 3ApaBooxpaHeHus Poccum.

Heckonbko BHUIOB aKOHUTOB, CPeIM KOTOPHIX HAWOOJIee MEPCIEKTUBHBIM MPOAYLICHTOM CUHUTASTCS
Aconitum soongaricum Stapf, cogepxkar akoHUTHUH. M3-3a BbICOUYaiIIel TOKCUYHOCTH ITOT AJKAIOH]
npuMeHeHUsT B MeaunuHe He Hamen. OpHako, 0e3 HEro He MBICIUATCS JKCIepUMEHTaIbHAsS
¢dapmakororus. B ornudne ot Apyrux aHTHAPUTMHUKOB, BO3JIEHCTBYIONINX TOJIBKO HA KaJIbIIMEBHIE KaHAIBI
1 OXBaTHIBAIOIIUX OJHOBPEMEHHO KaJIbI[MECBbIC U HATPUEBBIC KaHAJIbI apUTMHUU, aKOHUTHUH CEJICKTUBEH B
OTHOIIIEHWU OJIOKUPOBAHWs HATPHEBBIX KaHAIOB. be3 TpHMEHEHUs aKOHWTHWHA WCCIIeOBaHUE
AHTHAPUTMHYECKUX CPENICTB HEKOPPEKTHO.

Ha nanmuue B muCThSIX Aconitum akoHUTHHA BHepBbie yKaszan llemne B 1820 romy. 'efirep u I'ecce
BBIJICIIMIIN aKOHUTHUH U3 4acTel pacteHus Aconitum B 1838 1., a Mop3on - B 1839 r., [Inauta B 1850 1.
MPEUTOKKI I aMOP(HOTO aKOHUTHHA XUMUYEeCKyr (opmyiny [13]. AKOHUTHH — SBISETCS OAHHUM W3
MaKOPHBIX aJIKaJIOU0B, OTHOCUTCS K YUCITy OYCHb SJOBUTHIX AJKAIOUIOB, COJEPIKAIIUXCSI B HEKOTOPBIX
BHJIaX aKkoHHTA [14].

Bonee «ypaBHOBEIIEHHYI0» B CMbICIE (DYHKIIMOHAIN3AWN CTPYKTYPY UMEET allKajoui 30HTOPHH 4,
obmaaromuii IefcTBHEM Ha IEHTPAbHYIO0 HEPBHYIO cucTeMy. [IpomyIupyeT ero paciupocTpaHeHHBIH Ha
Antae Aconitum barbatum Pers., KOTOPBIil MOXET OBITh BBEICH B KYJIBTYPY.

IIpn xumuyeckoM u3ydeHUM pacteHuil Aconitum karakolicum Rapaics. (6opem KapakoJbCKHil),
Aconitum altaicum Steinb. u Aconitum kirinense Nakai. (6opell KUPUHCKAN) BBIICICHBI aTKAIOWITHBI
aKOHWUTHH, ME3aKOHWUTHH, HANEJUIHH, aKoHU(WH, 8-aleTWIdKCUenb3uH. W3 Aconitum karakolicum
Rapaics. u Aconitum altaicum Steinb. BuepBbIC BBIJCICH AIbTAKOHUTHH, a TAKKE HOBBIN allKaJIOW]]
akobuH 5. Bunel Aconitum soongaricum Stapf. m Aconitum karakolicum Rapaics. mopdomornuecku
OYCHB OJM3KH MEXKIy coboi [15-20].

cl

W3 Aconitum talassicum M. Pop. (Oopem TasaccKuii) HCCIEIOBATEISIMHU BBIICICHB AIKATIOUIBI
TajJacCaMuH, TajlaTu3aMuH, 14-O-aleTUnTaJaTU3aMiH, H30TAIaTU3WANH, H3000JAMH, TaJlaTH3UIVH,
THIPOXJIOPU KpHUCTaUIMHA. JKcTpakuuio Aconitum talassicum M. Pop. mpoBoaumu Xiopodopmowm,
MpeIBapUTEIbHO TomenadnBas ceipbe Na,COs3, Tociae 4ero MOAKUCISUIH SKCTPAKT C MTOMOIIBI0 CEPHOM
KHCJIOTHI ¥ OTICISUIN anKalouabl Xjaopodopmom. CyMMy allKaloHIOB dIIOUPOBATH CMECHIO XJIopodopM-
metanon (100:1) Ha KOJOHKE ¢ CHIIMKaresieM, Ipu MOCleAyoei nepeKpucTauIn3aii MeTaHoiIoM [21-
23].

Uccnenoparenu MucturyTa opranndeckoi xumun YpO PAH (r. Ya) us Aconitum neosachalinense
H.Lev. (Oopen HOBOCAaXalMHCKHI) BBIACTHIM 6 paHee M3BECTHBIX alKaloMIa TUIaKOHUTHH,
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ME3aKOHUTHH, HEOJIUH M TPH anopGHHOBBIX aJKAJIOWIA INaynuH, N-METWIIaypOTeTaHUH U U3000JIUH.
OKCTpaKLUIO IPOBOAMIN BOJOH B IPUCYTCTBUHM AllETOHA C MIOCIEAYIOLUIMM pa3e/IcHUEM Ha KOJIOHKe [24].

Poccuiickumu yuenbiMu [25] pa3paboTaH crnoco0 BBIICICHUS TUTEPIICHOBBIX AalKalOHIIOB W3
Aconitum kirinense Nakai. (Oopeu KMpHHCKUIi), Ipou3pacTatomiero Ha teppuropun [IpuMopckoro kpas.
AJKanouzpl pa3leNiOT € TOMOINBI0 METOJOB Ta30oBOil M BBICOKOI((EKTHBHOM KUAKOCTHOM
xpomarorpadun (I'X m BOXKX) ¢ Macc-CieKTpoOMETpHIECKAM JIETEKTHPOBAHUEM pPa3IelICHHBIX IMHKOB H
(parMeHTaLue B peKIMax XUMHUUECKOH HOHM3AUK Tpu aTMochepHoM aasienuu (XMAJ), nonuzanuu
pu aTMOC(EepHOM JIaBIeHHH - dnekTpopacnbiieaneM (MAJ[-3), anekrpoHHOTO yaapa. MeTtogom ra3oBoit
xpomarorpadhun — macc crekrpometpun (I'X-MC) ¢ ¢parmenranueii B pexxume XUAJl u UAI-D B
Aconitum kirinense Nakai. uIeHTU(QUIIMPOBAHO 6 JIUTEPIICHOBBIX AJTKAJIOUIOB: 8-allCTHIIIKCIECIB3UH 6,
TYTMaKOHHUTHH 7, akupaMuH 8, kupuauH 9, nenenuH 10.

OCH; } OCH3;
gy
.""”T"”OCH:; (E)H «nilOCH;3
“, & //-\, T ) L,
//Illluu--::N OH C2H5-Enf 4
S { OH

[Ipu uccnenoBanuu kamrycoodpaszoBanus Aconitum barbatum Pers. (6openr 6oponaTsiii) mogoopaHb
ONTUMAIbHBIC YCIOBUS JJIi TMOJNYYCHHS KYJNbTYpPHl KIETOK JAaHHOTO DACTCHHUs, OIpeeiicHa
KH3HECTIOCOOHOCTh KaJUTyCHOW KYJBTYpBI, MONYyYeHa CyMMa ajKaJIOMJOB W3 KaJUIyCHOW MacChl CBHIPbsI
WHTAKTHOTO pACTEHHs, BBIACICHB M OYMIICHBI HHIUBUIYAJIbHBIC JUTEPIICHOBBIC AIKAJIOUIBI C
WCIIOJIb30BAHUEM JKUAKOCTHOM KOJOHOYHOW XpoMaTtorpaduu. YCTAaHOBJIECHO, YTO B KYJIbType TKaHEi
coJiepyKaTCsl ANKaJIOWIbl 30HTOPHH, 30HTOPaMHH, Hame/UTuH, N-OKHCh 12-3MHHANeNIMH U ME3aKOHUTHH
[26].

KuraiickuMi y4eHBIMH YIa70Ch BIEPBBIC BBIACTUTh Co- IUTEPIICHOBBIC ANKANOUIBI U3 Aconitum
habaense W.T.Wang. (6opern rapatickuii) rabannn C, BUIIMOppuaHuH, kinaccukayiua C [27].

VYuensiMu ['py3un poBeeHO XUMHUYIECKOE W3yUeHHE TIOA3EMHBIX OpraHoB Aconitum orientale Mill.
(6opery BocTouHbI) U Aconitum nasutum Fisch. ex Reichenb (6open Hocatblil). YCTaHOBJIEHO, YTO B
obeux Bumax Aconitum L. ¢nopel 'py3ud NPHUCYTCTBYIOT aJKalOWIbl: AKOHWUTHH, JANMaKOHUTHH,
KapakonuH. B Aconitum orientale Mill. mpuCyTCTBYIOT OCHOBAaHHS: pPAHAKOHWTHH, THUTAKTOHWH,
JUKOKTOHUH, a B Aconitum nasutum Fisch. ex Reichenb. - TaquTH3aMuH, KAMMaKOHHH, aKOHUCHH [28-29].

Bce auTeprieHOBBIC AlTKATOUIbI AKOHUTOB OTIHYAOTCS BBICOKOW TUIOTHOCTBIO KUCIOPOICOACPIKAIINX
(YHKIMOHABHBIX TPYI, HO OE3yCIOBHBIM PEKOPACMEHOM SBISIETCS MOJIEKyJla akoHHTHHA. He
HUCKIIFOYCHO, YTO MMCHHO BBICOYaAMTIICH HaCBhIICHHOCTHIO YIIOMAHYTBIMU I'pyIIITaMA 00BsICHSETCS 0cobast
TOKCHYHOCTH aKOHUTHHA.

BuocuHTe3, (apmakonoruyeckas akTHUBHOCTb, a TaKXKe, MUHAMHKA HAKOTUICHHS JUTEPIICHOBBIX
aNKaJOWIOB HEKOTOPHIX BHIIOB pacTeHHW pona Aconitum HE J0 KOHIA u3ydeH. buoreHermueckue
AKOHWHOBBIC OCHOBAHWS, CKOpee BCEro, SBISAIOTCS MPOM3BOIAHBIMU  TETPAIMKINYCCKUAX — WJIH
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MICHTAIMKIINYECKUX JIUTEPIICHOB, B KOTOPBIX aTOM a30Ta METHJIAMUHA, STHJIAMUHA WIH B-aMHUHO3TAHOJA
cBs3piBacTCs ¢ C; 1 Cg B Cyi9 murepnieHongHOM cKenere U ¢ Cig m Cyp B Cyp IUTEPIICHOUTHOM CKEJIETE,
‘ITO6BI C(i)OpMI/IpOBaTL 3aMCIICHHOC HI/IHepI/IIlI/IHOBOG KOJIBIIO. BOT HO‘-ICMy COCANHCHHUSA aKOHUTHHOBOI'O
TUTIA CUUTAIOTCH «CBOCOOPA3HBIMMY» aJIKAJIOWJAMH, TaK KaK HMX a30T HE MOJydYeH B pe3ysbTare
MeTaboau3Ma aMUHOKHUCIOT. OHH OTHOCATCS K «IIceBmoankanonaam». CoBceM HEMHOTO M3BECTHO O TOM,
KaK pacTeHUs CHHTE3UPYIOT AaHHBIC AJKAJIOWIbl, M IOYTH HHUYETO HE H3BECTHO O TOM, Kak 3TOT
OMOCHHTE3 peryIupyeTcs.

R; R,
COC4Hs | COCHs AKOHHUTHH
COC4Hs H Benzounakonud
H H AKOHUH
20
17
0 ° % C20—»C7
7 15 Umlagerung -
6 (C-9)—= C-14
19 18
Kaurantyp
Oxidationen
17-CO,

S G

RNH5™ C-19 u. C-20

C-Skelett des Aconins

buoreneTnueckuMM MpPEAIICCTBEHHUKAMU HX CIy’KaT JOUTEPIEHOUAbI pPAAOB OJHmM-KaypaHa U
aTm3upana. B o0oux crnydasx B xoJie OMOCHHTE3a 00pa3yeTcs JOMOJTHUTENBHBIN a30TCOACPKAIIUN UK
TakuM 00pa3oM, YTO TETepoaTOM CTaHOBUTCA MOCTHKOM Mexay aromamu C19 u C20. Ilpu sTom
pasnyaloT 1Ba CTPYKTYpHbIX moaruna, C,y u Cj9, 0003HaYaEMBIX TaK IO YUCIY YIJIEPOAHBIX aTOMOB
LUKJINYECKOro cKeseTa. B cBoro ouepens, Cyy asikanouapl ObIBAIOT IPOU3BOAHBIMU OT ABYX YIJIEPOIHBIX
kapkacoB 11 u 12. Y KOHKPETHBIX BELIECTB OTH YIJEPOJHBIE OCTOBBI OOBIYHO OOpaMIIEHBI
KHCJIOPOJCOACPKAIIMMHI 3aMECTUTEISIMU, Kak y BearxuHa 13 u arusuna 14, 1aBmIMX Ha3BaHUS
COOTBEeTCTBeHHBIM TomrpymnmaM C,o-psma. B o0enx W3 HHX 4YacThl Ciaydau oOpa3oBaHHS JT0OABOYHBIX
reTepo- Wik KapOOIMKIIOB B JOMOTHEHHE K YK€ UMEIOUMCs B cTpykrypax 13 u 14.

— 74—



ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 4. 2018

R =H, Me, Et

JlomonHuTeNbHBIE IUKIIBI MOTYT BO3HUKATh IIyTE€M yCTaHOBIJIEHUS cBsA3el mexay atomamu C20 u C7,
a Taxxe atoMmamu C20 u Cl14. B nepBoM ciiydyae KOHCTPYUPYETCA LUKIAYECKas CUCTEMa, UMEIOLIAsCS B
ankanoujax HanemwinHe 15 u nenynatune 16. Bropoil BapuaHT peanusyercs B MojiekyJjie xeaa- ruda 17. B
CTPYKTypax IMOCJETHETO0 THIIA BO3MOXKHO 0Opa3oBaHME €IIe OJHOIO LHUKJIA IyTeM CBS3bIBAHHUS aroMma
azoTa ¢ yrnepogoMm C6, kak B retusuHe 18. Bee coenquHenus ¢ yriepoaHo-a30THBIM OCTOBOM OTHOCST K
rpymnne rerusuHa. B Hebonbom cemeiictBe aHontepuHa 19 yriepoa-yriepoa- HOH CBSI3bIO COCIMHEHBI
aromsl C20 u C14 B ckeneTe snm-KaypaHOBOTO THIIA. AJKaaonu AenHyanH 20 Taxke MpUHAIICKUT K Cho-
psany. Ero Monekyna BO3HHKIA B pe3yabTaTe NEPErpyNNUPOBKH F€TU3MHOBOTO NPEAIIECTBEHHUKA.

o OH

Ao

15

HO///,

3

18 19 20

OCHOBOH CTPYKTYpBl IUTEPHCHOUIHBIX ankamounoB Cjo-psla CIYXKUT TeperpynnupoOBaHHbII
YIJIEPOIHBIN ckeneT KaypaHa 21, Ha3bpiBaeMblil akoHAaHOBBIM. Kak U B Cyg-COETUHEHUSX, a30THBIA MOCTUK
obpasyercs mexay aromamu C17 u C19. Ilo Ha3BaHMIO adKajgoHuIa TUKOKTOHWHA 22 YTIIEpOIHO-a30THBIN
OCTOB, JIeXKAIIMA B €r0 OCHOBE, HA3BIBAIOT JIMKOKTOHAHOBBHIM. BHyTpm cemeiictBa Cio-aaKaaounmioB
pa3IUYaroT JBE OCHOBHBIC MOATPYNIbl. VIMes 0JJMHAKOBLIN yTIEpOIHO-a30THBIM CKEIET, OHU OTIMYAI0TCS
IIpyT OT Apyra xapaktepoM 3amerneHus npu aromax C6 u C7. K moarpymme JIMKOKTOHHHA TPUHAIIEKAT
OCHOBAaHHS C THMIPOKCHIBHBIM 3aMecTuTesieM B monoxeHun C7 u -METOKCHIBHBIM - y atoma C6. Jlns
STOM MOATPYINBl BEIIECTB XapaKTEPHO TaKXKe HAIUYUE O-TTUKOIBHOW TPYNMUPOBKU. AKOHUTHUH -
npeactaButens Apyrod moarpymmbl Cl9-ankamounoB, Ha3BaHHOM €ro MMEHEM. 311eCh OTCYTCTBYIOT
3amecTuTenu npu arome C7, a METOKCHITbHAS TpyIina mpu atome C6 uMeeT 0-OpHeHTAIHIO.
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OH

OMe

somnnifliliOMe

I'pynma  Cio-TUTEpNIEHOWAHBIX aJKATOWAOB IOCTaTOYHO MHorouucieHHa. K 1987 romy Obuto
M3BeCTHO 175 ee mpupomHbIX mpeactaButenieid. M3 Hux Oomee 150 BBIIETCHBI M3 pacTEHUH POMOB
Aconitum L. u Delphinium L.

Cio- 1 Cyy-OUTEpIIeHONIHBIE OCHOBAHMs B OOJIBITMHCTBE CBOEM CHIIBHO SIOBUTHIC BellecTBa. Tak,
JIJ1 50 akoruTHHA cocTaBiseT Bcero 0,22 Mr/kr. M3-3a 3TOr0 aKOHUTHI U JKMBOKOCTH OTHOCSTCS K CAMBIM
STIOBUTBIM PACTEHUSM YMEPEHHBIX MIMPOT. I TOKCHYECKOro JEHCTBUS MX a30THCTHIX METAaOOIHMTOB
XapaKTepHO HapylIeHHE NEATEeIbHOCTH HEPBHOM CHCTEMBI M cepaua. B manbix 103ax MHOTHE U3 ATHX
BELIECTB  MPOSIBISIOT  NPOTHBOBOCIHAIUTENBHBIE, o0e30onMBalOe,  MPOTHBOAPUTMUIECKHE,
IPOTUBOANMIIENTHYECKHE CBoMcTBa. Ilpn 3TOM y pasHBIX alKajlOWJOB HUMEETCA CBOH CIEKTp
¢usnonornueckux 3pdexros. Tak, HampuMep, aKOHUTHH - 3PQPEKTUBHBIA 00€3001MBAIOIINK areHT, a
JIMKOKTOHUH BOBCE JIMILIEH 3TOr0 NedcTBUA. [IpakThueckoe MpUMEHEHUE NUTEPIECHOUIHBIX aKaJOUA0B
KaK JIEKapCTB OTPaHUYEHO H3-3a OMACHOCTU OTPABJICHUM IMpH Hepelo3upoBKe. TeM He MeHee, Ipenapar
aJUTanUHUH (THAPOOPOMUJL JIANIIAKOHUTHHA) TPOM3BOAUTCA B PoccuM M TIpUMEHSIETCS KaK OJHO W3
Jy4IIUX POTUBOAPUTMUYECKUX CPEICTB.

B teuenue psga ner B AO « MHIIX «DPutoxumus» npoBOASTCS pabOTHI MO BBLICICHUIO U U3YUCHHIO
aNKaJouA0B M3 BUAOB pona Aconitum L. Pa3paborana oOmas TeXHONOTHS MONYyYEHHs ANKaJOWAOB W3
pPaCTHTENBHOTO CHIPhsS, C TPUMEHEHHEM KIACCHYECKHX METOJOB OKCTPAaKIUA W KOJOHOYHOH
xpomarorpadun. METOOUKH BBIAGNEHUS KaXXJIOro ajKajlouAa WHAMBHIyaJbHBl W HMEIOT CBOHU
0CcOOEHHOCTH, YTO MO3BOJISIET B Pe3yJibTaTe HapaOOTaTh alKaIOHIBl C YHCTOTOH 95-99,9% mo maHHBIM
BOXX ananuza [30, 31].

Ilpu XwMHYeCKOM W3Y4YEHUH KOpHEeU Aconitum monticola Steinb. HaMu BBIIETICHBI U
uaeHTHGUIPOBaHbI ankanouab! 3oHTopuH 4 (Berxox 0,1%), COMyTCTBYIOMINHI eMy alKaJIOH]] 30HTOpaMUH
22, MoHTHUKaMuH 23, nenbko3uH 24. J[enbKO3MH M3 aKOHUTa TOPHOTO BBHIAENCH BIepBble. M3yueH
XUMHYECKUH cocTaB Aconitum leucostomum Worosch. W BBIIENEHB YETHIPE COEIWHEHHS OCHOBHOTO
XapakTepa ME3aKOHMTUH 25, mammakoHuguH 26, cemakonutuH 27, nammakonutuH 1. C 1ensio
YCTaHOBJIEHHS TPOCTPAHCTBEHHOIO CTPOEHMSI MOJIEKYJIbl JIalMlaKOHUTHHA BIEpPBbIE IPOBEIEH €ro
PEHTICeHOCTPYKTYPHBIH aHanu3 [32-34].
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[lonoOpansl oONTUMAanbHBIE YCIOBHS Uil pa3lelieHHs W aHajdu3a alKaloOHJOB 30HTOpWHA,
JaNMakOHUTHHA W COMYTCTBYIOIIMX KOMIOHEHTOB MeTogoM BOXX, paspaborana wmeronuka
KOJIMYECTBEHHOTO OIpENeNIeHNs] MCCIeAyEeMBbIX COCIMHEHHH B pacTeHuil Aconitum soongaricum Stapf.,
Aconitum anthoroideum DC. u Aconitum villosum Reichenb. mnpomspacTaiomux Ha TEpPPUTOPHH
Kazaxcrana. ConepkaHue alKaJlOHIOB B JaHHBIX HCCIEAYEMBIX pacTeHUsX Mo JaHHbIM BIXKX
koneonutcs: 30oHTopuH 0T 0.01%-0,23%, nanmakonutud ot 0.01%-0,04% B mepecueTe HAa BO3IYIIHO-
cyxoe coipne [35].

OUTOXMMHUYECKUH CKPUHUHT, COOpPaHHBIX B TPUPOIHBIX YCIOBHSAX 00pa3noB popa Aconitum L.
MO3BOJIMJI YCTAaHOBUTH BBIPAKCHHYIO aHTHOAKTEpPHAJIbHYI0 aKTUBHOCTh CYMMapHOTO 3KCTpaKTa Aconitum
anthoroideum DC., aHaJIeTUYECKYH) aKTHBHOCTh CYMMAapHOTO OJKCTpakta Aconitum leucostomum
Worosch. u Aconitum villosum Reichenb. W TUTOTOKCHYECKYI0 aKTUBHOCTH 3KCTPAKTOB Aconitum
monticola Steinb., Aconitum anthoroideum DC., Aconitum leucostomum Worosch. u Aconitum villosum
Reichenb. Fl. Alt. Bnepsrie oOHapyskeHa BBIpa)K€HHasl MPOTUBOBUPYCHAsI aKTUBHOCTH JIANNAKOHUTHHA U
CYMMBI aJKaJOUZOB AaKOHWUTa TOPHOTO M AaKOHUTa MPOTHBOSIHOIO B OTHOLICHHHM BUpPYCa YYMBI
TUIOTOSIIHBIX M MH(PEKIMOHHOTO PUHOTPAXEUTa, YTO JeNaeT WX MEePCIeKTUBHBIMU A5l pa3paboTKU HOBOTO
JIEKapCTBEHHOTO cpencTa [36].

BbIsIBIIEHO YTO OCHOBHBIM KOMIOHEHTOM Aconitum monticola Steinb. sBisieTcsi — 30HTOpUH 4,
30HropamuH 22, Aconitum soongaricum Stapf. — akonutuH 3, nenbkos3ud 24, Aconitum leucostomum
Worosch. — nannakoauTtus 1.

B rep6apaom ¢onae AO «MexnyHapOAHBI HAyYHO-TIPOM3BOJACTBEHHBIH XOMAUHT «DUTOXUMUS»
uMeroTcesl repOapHble cOopsl 9 BUIOB poaa Aconitum W3 HUX Hambojee 4acTo BCTpeuaroTcs Aconitum
leucostomum Worosch. u Aconitum monticola Steinb., o0pa3ytolye OOJbIIKE 3aPOCIH B IPUPO/IE.

1o BBIsBIIEHHIO KOHKPETHBIX MECT MPOU3PACTaHUsl BUAOB AaHHOTO pona Bo (iope Kazaxcrana, Hamu
MpoBelicHa KamepalibHasg o0paboTka repOapHBIX MaTepualoB BHIOB Aconitum B repbapHoM dorme AO
«MHIIX «®uroxumus» (KG).

Aconitum monticola Steinb. in F1. URSS. 7 (1937) 730, 209. — Gamajun. in ®x. Kazax. 4 (1961) 52,
tab. 6, fig. 1. — Vorosch. in broyut. ['maBH. 60T. cana, 72 (1969) 37. — A. pallidum auct. non Rchb.: Kar. et
Kir. in Bull. Soc. Nat. Mosc. 15 (1842) 138. — A. lycoctonum auct. non L.:O. et B. Fedtsch. in Tp. O6-Ba
ect. Kazan. Yuus. 33, 3 (1899) 79, quoad var. pallidum. — O. et B. Fedtsch. Consp. Fl. Turk. 1 (1906) 22,
quoad var. pallidum.Tun B Jlennnrpazne. — bopen ropHbIi.

Tepbapnvie coopwvr: BKO, xp. Kokcyiickwmii, necnas nonsHa. 14.VIIL.2014; Anmarunckas 007,
Kynrapckuit Anaray, okp. moc. JlencuHck, HuxHas yacTh yi. Pycauka. 10. VII.2000.

Aconitum leucostomum Worosch. bromn. I'n. 60t. cana, 11 (1952) 62. — A. excelsum p. p. non Rchb.
®n. CCCP, VII (1937) 201; Kpbut. @i, 3am. Cud. V (1931) 1151. — A. vulparia C.A. Mey. ex Ldb. FI. Alt.
II (1830) 287, non Rchb. Tun B Bene. — bopen 6enoycThIii.

T'epbapnvie coopwi: Kaparanaunackas 06:1., KapkapanuHckue ropsl, okpectHOCTH o3epa [lamennoe, B
noiime y pyups. 16.VIL.1976 (KG); BKO, okpectHoctn JlenuHoropcka, xpeber VBaHOBCKUH,
nuctBeHnyHas mocagka. 21.VIL.1976 (KG); Kaparangunckas o0n, KapkapannHCKUi p-H, OKPECHOCTH
o3epa llafitan-kynb, O6eper y pyuss. 7.VIL. 1984 (KG); BKO, okpecroctu JIeHMHOTOpCKA, JIMHEHHBIH
Oenok monesas saMa, nogomsa ropel 23.VIIL. 1985 (KG); BKO, nopora Ycre-Kamens - JlennHoropck,
okpecTHOcTH cena beictpyxa, ckionsl rop. 23.VIIIL.1985 (KG); CemunanatuHckas 0071, OKpECTHOCTH cena
AnexceeBka, ropel Tap6Oarataii. 10.VIL.1994 (KG); AnmaruHckas 0071., AKcaiickoe yinenbe 3aiimicKkoro
Amnaray 2200 M, Bmpons peku Akcail, 12.VIL.2000 (KG); BKO, xpeber Jluctssra, paiion Bepx. Katynu
pa3HOTpaBHBIC Jyra MOAHOXbSI Top, 2100 M Han. yp. m. 26.VIL.2004 (KG); BKO, 3amagueiii Anrait,
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xpeber VBaHOBCKHWH, pa3peKCHHBIH JTUCTBEHHUYHO-KempoBelid jec. H=1800 m. 11. VIIL.1997(KUZ);
Kazaxcran, Bocrouno-Kaszaxcranckas oOmacts, 3amamabiii Anrtait, xpeber HWBanoBckmii. IlmxToBo-
oepesosriid gec. H=1700 m. 08.VII.1997 (KUZ); BKO, 3amamgusni Antaii, MiBanoBckuii xpebet, Oeper
BPEMEHHOTO BOJOTOKAa. BhICOKOTpaBHBEIN ambrmiickuii myr. H=1900 m. 11.VIIL.1997 (KUZ); BKO,
3anmagaeiit  Anraii, VBaHoBckuii Xxpeber, 4 KM CEB.-BOCT. BEpIIMHBI BhllienBaHOBCKUH bemok.
Amprmuticknii myr. H=1900 m. 08.VIL.1997 (KUZ); BKO, 3amanuerii Anraii, IBaHoBckuit xpedet, Oeper
BPEMEHHOTO BOJIOTOKA. BhIcOKOTpaBHEIN ambruiickuii myr. H=1900 m. 27.VIL.1997 (KUZ).

Aconitum septentrionale Koelle. 1786, Spicil. Observ. Acon. : 22; ®puzen, 1993, ®n. Cub. 6.: 138.
— Boper1 ceBepHbIil.

Tepoapnvie coopwi: Kazaxcran, [laBmomapckas oOnacTh, TOpsl basHayi, MONSHBI B IPEIrOpHOM
gactu. 08.VIIL.2006. (KUZ).

Aconitum anthoroideum DC. in Syst. nat. 1 (1818) 366. — Gamagun. in ®u. Kazax. 4 (1961) 53, tab.
7, fig. 3. — Vorosch. in bromn. I'masH. bot. cama AH CCCP. 72 (1969) 37. — A. Anthora var. anthoroideum
Rgl. in Ind. Sem. Hort. Petropol. (1861) 41. — Kryl. Fl. Sib. Occid. 5 (1931) 1147. — A. anthora auct. non
L.: O. et B. Fedtsch. in Tp. O6-Ba ect. Kazan. Yuus. 33, 3 (1899) 79. — O. et B. Fedtsch. Consp. F1. Turk.
1 (1906) 22. — Steinb. in F1. URSS.7 (1937) 190, quoad pl. ex Dshung. et Tarb. Tum B Jlonmone. — bopen
MIPOTUBOSTHBIH.

Tepoapnvie coopwi: BKO, oxp. r. Jlenmroropcka mopora Ha bormanmxy. 06. VIII.1963 (KG); BKO,
Aneriniickue myra psamoM ¢ peukoir Tormonéskoit (okp. moc. Karyns) 28. VII.2004 (KG); BKO, oxkp. moc.
3asommuka. 01.VIIL.2012 (KG); BKO, 3anagasiii Anraif, xpeber MBaHOBCKHN, BOCTOYHOE ITOTHOXKHC
Bepml. BeimenBanoBckuii bemok. Mopena. H=2000 M. 26.VIIL.1997. VII (KUZ); BKO, 3amagasiii AnTai,
xpeber VIBaHOBCKWI, CeBEepHBIC OTPOTH BepmUHBI BrimewBanoBckmii bemok, Tymmpa. H=2100 wm.
22.VIL.1997 (KUZ).

Aconitum soongaricum Stapf. in Ann. Bot. Gard. (Calcutta) 10 (1905) 141. — Steinb. in FL. URSS.7
(1937) 232. — Gamagun. in ®n. Kazax. 4 ( 1961) 54, tab. 7, fig. 6, excl. pl. e Alat. Transil. — Gamajun in
Vorosch. in bromn. I'maBH. bot. cama, 72 (1969) 39, pro max. p. (excl. plantis floribus et pedunculis
appressi pubescentibus). — A. alatavicum Vorosch. in. bot. XKyps. 30, 3 (1945) 137, fig 11, b; fig. 12,a . —
Vorosch. in bromn. I'masH. 60T. cama, 72 (1969) 38. — A. Napellus auct. non L.: Trautv. in Bull. Soc. Nat.
Mosc. 33, 1 (1860) 83 (incl. formae 1,2,3). — O. et B. Fedtsch. in Tp. O6-Ba ect. Kazan. Yuus. 33, 3
(1899) 80, quoad pl. e Tarb. Alat. Dshung., p. p. et Tian-Schan, p.p. - O. et B. Fedtsch. Consp. Fl. Turk. 1
(1906) 23, quoad pl. e Tarb., Alat. Dshung., p.p. et Tian-Schan, p.p. et e excl. syn. — A. karakolicum auct.
non Rapcs.: Vorosch. in bromn. I'maBH. bot. caga 72 (1969) 39 pro min. p. (quoad plantas floribus et
pedunculus patenter pilosis). Korun B JIenunarpame. — boperr mxkyHrapcKuii.

Tepbapnvie coopovr: AnmatuHcKas o0u1., 3anmuiickuil Amaray, Kackenenckoe ymense, 1955 M H.y.M.
N=43°00"38.8"" E= 076 °37°21,8"". 8.X.2017 (KG); AnmaTtuHckas o0., 3ammmiickuii Anaray, Akcaiickoe
yIienbe, Boyb peku Akcaii. 1800-2000 m H.y.M. Pa3HOTpaBHO-KyCcTapHHKOBOE coodmectso. 12. VII.2000
(KG); Amvarnuckas o6, XXynrapckuii Anatay, ymenase Yrenrac. 2200 m m.y.M. 26.VIIL.2014 (KG);
Kazaxcran, AnMarnHckas o6yacth, Anakonbckuii paiton, JKonrap-Amatayckuit ['HIIII, BepXxoBbs p.
CapreIMcakThl, cyOamenuiickas 3oHa. 45° 24,229 cam., 80° 49,662" B.m., A=2226. 24.VIIL.2014.;
Kazaxcran, AnmarnHckas o6iacth, Anakonbckuii paiton, JKonrap-Amatayckuit ['HIIII, BepXoBbs p.
CapbIMCakThl, MOPCHHBIE O3epa, ampmmidckuit myr. 45° 21,175° cm., 80° 48,442° B.m1., A=2600.
25.VII1.2014.

Aconitum villosum Reichenb. Fl. Alt. 11, 282; Ldb. Fl. Ross. I, 68. — A. ciliare B. polytrichum DC.
Syst. I (1818) 378. — A. flaccidum Rchb. Uebers. (1819) 39 nom nud. — ®n. CCCP, VII (1937) 213. - A.
volubile var. villosum Rgl. Ind. Sem. Horti Bot. Petropol (1861) 43; Kppun. ®@m. 3am. Cub. V (1931) 1150.
Tun B Bene. — bopell MoxHaThbIi.

Tepoapnvie coopwi: BKO, xp. Jluctsara, 15 kM Hmxke cenma Kerwm, KycTapHUKOBO — pa3HOTpaBHAs
onytika jeca. 02.08.2004.

Aconitum altaicum Steinb. ®n. CCCP, VII (1937) 731, 222. - A. napellus var. alpinum Rgl. Ind.
Sem. Hort. Bot. Petropol. (1861) 45 p. p.; Kpeur. ®@x. 3am. Cu6. V (1931) 1149. Tun B Jlenunrpane. -
Bopen anrtaiickuii.

Tepoapnvie coopor: BKO, xp. Hapeimckuii, okp.c. HoBobepe3oBka, mon. pekm Tepektsl. 1120 m
H.y.M. 26.VIIL.1976 (KG); BKO, okp. 1. Jleaunoropcka. 09.1X.1982 (KG).

Aconitum volubile Pall. ex Koelle, Spicil. Acon. (1788) 21; ®x1.CCCP, VII (1937) 213; Kpsur. @
3an. Cu6. V (1931) 1150. Tum B Jlormone. — A. tortuosum Willd. Enum. Hort. Berol. (1809) 576. — bopen
BBIOIIIMHCS.
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T'epboapnvie coopui: BKO, otnenenne coBxo3a YIaHOBCKHM, ypouwnine Katpe.

27.VIIL.1985(KG); BKO, r. Punnep. okpectHoctn mocenka Kemposka. 05.VIIL.2012 (KG); BKO,
3anmagHbIl AnTail, ceBepHOE MOAHOXKEE XpedTa MBanosckuii, ypountne Cepsrit JIyr, moiitma p. bemas Yo6a.
H=1200 m. 14.VIIL.1997 (KUZ).

Aconitum barbatum Pers. Syn. PLII (1807) 83; ®n. CCCP, VII (1937) 204; Kppun. @m. 3am. Cub. V
(1931) 1153 — A. sibiricum Poir. Encycl. meth. Suppl. I (1810) 113—A. hispidum DC. Syst. Nat. I (1818)
367. — A. Gmelini Rchb. Uebers. Gatt. Aconitum (1819) 63. — A. ochranthum C. A. M. in Ldb. FIL. Alt. II
(1830) 285. — A. lycoctonum var. barbatum Rgl. Bull. Soc. Nat. Mosc. XXXVI, 3 (1861) 77. Tum B
Jlormone. — boper 60poaaThIH.

Tepoapnvie coopwr: Cemunanatuackas 00J1., OKpeCTHOCTH mocenka KOKHBIHN, F0KHBIA CKJIOH COIIKH.
08. VII.1994 (KG).

Taxum 00pa3om, MO UTOTaM KaMepalbHOH 00paObOoTKH TepOapHBIX MaTepuaioB B repOapHOM (QoHIE
AO «MHIIX «®uroxumus» (KG), ycTaHOBIEHO, 9TO OONBIMIMHCTBO TepOAPHBIX MaTepHAIOB COOpaHBI B
TOopHBIX (hiopucTHdecKux paiioHax ¢iopsl Kazaxcrana, 9To CBUAETEIHCTBYET HEOOXOIMMOCTH U3yIECHUS
00pasnoB pona Aconitum W3 YKa3aHHBIX (JIOPUCTHYECKUX paiioHOB. B repbapHOoM (doHAe uMmeercs
repbapHble MaTepuaisl 9 BHIOB poma Aconifum, W3 HUX HanOOJee 4YacTO BCTPEYAIOTCS BHIBI poOJia
Aconitum leucostomum Worosch. u Aconitum monticola Steinb., oOpa3yrommue OONbIIAE 3apOCTH B
MIpHUpo/Ie.

IIpoBencHHBIM aHATUTUYCCKUN 0030p TMOCIYXHUT OCHOBOH IS (PUTOXUMHUYCCKUTO WM3yUCHUS
pacteHuil poga Aconitum. B xone ucclieIoBaHUIN TIAaHUPYETCS BBIJICTICHHUE aJKaJOUJ0B U3 HEKOTOPBIX
pacteHuit poaa Aconitum u XuMu4ecKast TpaHc(popManus pacTUTENHHBIX aKaJOUOB C IENTBI0 MOTyIeHUS
HOBBIX BEIECTB, XapaKTePHUIYIOIIMUXCS VIYUIICHHBIMH (QU3UKO-XUMHUECKUMH CBOWCTBaMH, Ooiee
BBIPQXCHHON OHMOJIOTHYECKOW aKTUBHOCTHIO, TOHIKEHHOW TOKCHYHOCTHIO, TPOJIOHTHPOBAHHOCTHIO
JEHCTBHUSI TI0O CPAaBHEHHWIO C HMCXOJHBIMH TPHPOIHBIMHA aHaJOramH. lIepCTeKTHBHBIM HCTOYHUKOM ISt
MONTydeHNs] OWOIIOTUYECKN AaKTHBHBIX aJKaJOWA0B, B TOM 4YHCJIE AaKOHWUTHHA, SBIsAeTCS Aconitum
soongaricum Stapf., Aconitum monticola Steinb. u Aconitum leucostomum Worosch., mpouspacraromniie
Ha TeppuTopun Kazaxcrana.
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ACONITUM L. TYBICTAC OCIMAIKTEPAIH AJTKAJTIOUATHI TYPJIEPI

AnHotaunusi. Aconitum L. TypIicTac OCIMIIKTEPIiH ANKaJOUATHI TYPJIEPIHE Talgamalibl MOy >KYPri3iuiii.
Anpiaran aepektep Aconitum L. TybicTac eCIMIIKTEpAiH Oipkatap TypsepiH FhUIBIMH 3€pTTEy, COHJai-aK *KaHa
JIOPLTIK 3aT jKacayra apHaJFaH ajKaJIOUITap/Ibl, COHBIH iIIIHE Ta3aJIbIFbI XKOFAPhl AKOHUTHUH/II 06l any YIIiH Heri3
Oonaisl.

Atanran eciMaik Typrepinig Kazakcran iopacsiHIarsl HAKTHI ©Cy OpBIHAAPHIH aHBIKTay OOWBIHINA KETIEeIor
MarepuanIapbHbIH OaceiM Oeutiri Kasakcran ¢uiopachiHBIH Tayibl (IOpasblK ayAaHAapblHAa >KUHAJIFaHbl Oenrii
6onnel. by aTanran ¢uopanslk aygasnapaarsl Aconitum L. TyblcTac ©CIMAIKTEPAIH YATUIEPIH 3epTTEY KaKESTTLUTITH
kepcereni. «DPUTOXUMUSD) XalBIKApaANIbIK FEUIBIMUA-OHAIpicTIK xommuari»y AK-ma (KG) Aconitum L. tysicTac 9
OCIMIIIK TYPiHIH KETIenen MaTepuaigapsl 0ap, OJapAblH iOIiHIe TAOUFATTa YIKSH TOFalIapabl KYPauTeH Aconitum
leucostomum Worosch. xone Aconitum monticola Steinb. eciMIiK Typyiepi HEFYPIIBIM KU1 Ke3AeCe .

Tyiiin ce3nep: Aconitum L., ankanouarap, XUMHUSUIBIK 3€pPTTEY, KEMIEIION MaTepraiapbl, KAMEPabIK OHJIEY.
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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.
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