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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.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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POLYMER-PALLADIUM CATALYSTS ON MAGNETIC SUPPORT
FOR HYDROGENATION OF PHENYLACETHYLENE

Abstract. Pd-polymer catalysts on magnetic support (MS) have been successfully prepared by adsorption
method. The magnetic support was synthesized by co-precipitation of iron chlorides (Fe® *:Fe? * = 2:1) with sodium
hydroxide. A series of colloidal palladium solutions was prepared by reduction of K,PdCl, with sodium borohydride
in the presence of polyacrylamide (PAM) and polyacrylic acid (PAA) with a different mole ratios of palladium to
polymer (Pd:PAA = 1:5; Pd:PAM = 1:5; Pd:PAM = 1:10 and Pd:PAM = 1:15).

The initial components and catalysts were characterized by physicochemical methods. XRD measurement was
used to identify the crystalline structure of the magnetic material. The results based on the crystal planes showed that
the synthesized sample corresponds to maghemite with a spinal structure and an average particle size of 8.5 nm. The
disappearance of the absorption band of PdCL* ions at 425 nm indicated a complete reduction of palladium.
According to elemental analysis, the content of palladium in the catalysts was 1wt.% of the sum of all components
which was close to the calculated data. This result indicated the quantitative fixation of polymer-protected palladium
particles to a magnetic support.

The developed catalysts showed rather high activity and selectivity in the hydrogenation of phenylacetylene to
styrene (We=c = 0.73-1.36% 10 mol/s, Sy = 80.9-89.2%). The PAM-stabilized catalysts were characterized by higher
rate and yield of styrene to compare to the Pd-PAA/MS catalyst. The increase of the polymer content in the catalysts
affects insignificantly the catalytic properties of the Pd-PAM/MS.

Keywords. Palladium, polymer, magnetic catalyst, hydrogenation, phenylacetylene.

Introduction

Recently, the interest of researchers of various fields of science and technology is focused on
magnetic nanoparticles due to their unique properties as superparamagnetism, high coercivity,
biocompatibility [1-3]. One of the promising areas of application of magnetic nanoparticles is design of
catalysts. The uses of such nanoparticles as a support provides high effectiveness of disperse catalytic
systems and the easiness of their separation from the reaction medium by magnetic field [4-5]. Platinum
[6-8], palladium [9-11] and ruthenium [12, 13] are the most often used active phase of such type of
catalysts.

Palladium magnetic catalysts exhibit high activity in cross-coupling reactions [14, 15] and
hydrogenation of various classes of organic compounds [16-18]. However, despite a large number of
methods for preparation of catalysts with magnetic properties [19-21], there are only few publications on
optimization of their synthesis. The purpose of this work therefore is to develop palladium catalysts with
magnetic properties, as well as to study the effects of the polymer-stabilizer nature and the ratio of Pd to
polymer on catalytic properties of synthesized Pd-polymer/MS composites in the hydrogenation of
phenylacetylene as model unsaturated hydrocarbon.
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Experimental part

Reagents and materials

Phenylacetylene (98%, Aldrich) was purified by distillation, a purity was checked
chromatographically. Ethanol (pure grade), PdCl, (59-60% Pd, Aldrich), KCI (pure grade), FeCl,-4H,0O
(pure grade), FeCl;-6H,O (pure grade), NaBH4 (96%, Aldrich), NaOH (pure grade), polyacrylamide
(PAM, M,, = 1000000) and polyacrylic acid (PAA, M, = 1250000, Aldrich) were used without additional
purification.

Synthesis of magnetic support (MS)

The iron salts (FeCl3-6H,0 -21.6 g and FeCl,-4H,0 - 8.0 g) were dissolved in 200 mL of pre-boiled
distilled water at room temperature, and placed to a thermostated round-bottom flask with three outlets
and heated to 40°C. Then 100 mL of 3.2 M sodium hydroxide solution was added to the flask, stirred by
bubbling nitrogen during 1 hour and then cooled to room temperature. The resulting black precipitate was
separated from the supernatant by magnetic separation and washed several times with D.I. water and
stored in ethanol.

The crystallinity of the prepared magnetite sample was studied by X-ray diffractometer DRON 3 with
cobalt Ka radiation (A = 0.179 nm).

Synthesis of polymer-protected Pd nanoparticles

Freshly prepared aqueous solution of NaBH, (10 mL of 0.05 mmol, 1.9 mg) was rapidly added to 90
mL of an aqueous mixture of K,PdCl, (0.1 mmol, 10.6 mgPd) and a polymer (0.5-1.5 mmol, 36.0-108.5
mg) under vigorous magnetic stirring. The amount of polymer was taken based on the calculation for
preparing polymer-protected palladium nanoparticles with a molar ratios of Pd:polymer = 1: 5; 1:10 and
1:15.

The degree of palladium reduction was evaluated spectrophotometerically (SF-2000, Russia) by
disappearance of the absorption band of palladium ions at 425 nm

Catalysts preparation

Pd colloidal solutions and a magnetic support amounts were taken from the calculation for obtaining
1% Pd catalysts. Palladium fixation to the magnetic support was assessed visually by brightening the
mother liquor. The content of palladium in the catalysts was determined on a X-ArtM COMITA X-ray
fluorescence spectrometer.

The prepared colloidal palladium solution (100 mL of 1x10° mol/L) was poured into 35 mL of
ethanol suspension of the magnetic material (29 mg/mL). The mixture was stirred with a shaker for 30
minutes. The resulting catalyst was separated from the mother liquor by magnetic separation, washed with
D.I. water and dried in the air.

Hydrogenation process

Hydrogenation of phenylacetylene (0.25 mL) was carried out in a thermostated glass reactor at 40 ° C
and atmospheric hydrogen pressure in ethanol (25 mL) [22]. The catalyst amount was 0.02 g. The reaction
rate was calculated based on the change in volume of uptaken hydrogen per second.

The reaction products were analyzed by gas chromatography on a Chromos GC-1000 chromatograph
(Chromos, Russia) with the a flame ionization detector in the isothermal regime using a BP21 (FFAP)
capillary column with a polar phase (PEG modified with nitroterephthalate) 50 m in length and 0.32 mm
in inside diameter. The column temperature was 90°C, and the injector temperature was 200°C; helium
served as the carrier gas; the injected sample volume was 0.2 pL. The selectivity of the catalyst was
evaluated as the ratio of the targeting product to the sum of all reaction products at a fixed conversion.

Results and discussion

Analysis of initial components and catalysts

Figure 1 shown XRD patterns of the synthesized magnetic sample. Seven characteristic peaks at 20
21.564°, 35.297°, 41.629°, 50.600°, 63.595°, 67.540° and 74.556° were corresponding to the (111), (220),
(311), (400), (422), (511) and (440) crystal planes of a maghemite with a spinal structure [23]. The
average crystallite size calculated using the Debye-Scherrer equation was about 8.5 nm.
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Figure 1 - X-ray diffraction pattern of the synthesized magnetic sample

According to spectrophotometric data, the addition of a reducing agent to a solution of palladium salt
and a polymer leads to completely reduction of the metal ions at a ratio of Pd:NaBH, = 2:1. The
disappearance of the absorption band of PdC1,* ions at 425 nm in the spectrum of the reduced sample has
confirmed the transition of Pd*" to the zerovalent state (Figure 2).
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300 400 500
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Figure 2 - The absorption spectrum of the palladium salt solution before (curve /) and after (curve 2) metal reduction

The catalysts were prepared by adsorption of polymer-protected palladium particles onto the
synthesized magnetic material. Clarity of the mother liquor after magnetic separation indicated the
quantitative fixation of the metal-macromolecule active phase to the support (Figure 3). The active phase
was probably fixed to support due to reducing the surface energy of the magnetic nanoparticles.
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a) b)

Figure 3 — Photos of the Pd-PAM(1:15) and MS mixture before (a) and after (b) magnetic separation

The complete Pd adsorption of on the magnetic sample was also confirmed by the results of the
elemental analysis of the Pd-PAM(1:15)/MS catalyst (Table 1) in which the metal content was close to the
calculated data and was 1wt.% of the sum of all components.

Table 1 — Elemental analysis data of the Pd-PAM(1:15)/MS catalyst

Element concentration, wt. %
(0] Cl Fe Pd
29.00 0.77 68.50 1.00

Catalytic properties of Pd-polymer/MS in phenylacetylene hydrogenation

Hydrogenation of phenylacetylene on 1% Pd-PAA(1:5)/MS in the first 70 minutes proceeds at a
constant rate (0.7x10°° mol/s) which in ~70 minutes insignificantly increased. The sharp slowing of the
reaction begins at the 90" minute (Figure 4, curve /). The activity of 1% Pd-PAM(1:5)/MS catalyst is 1.3-
1.7 times higher than that of the catalyst stabilized with polyacrylic acid, however, the kinetic curve form
was similar (Figure 4, curve 2).
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Rate of reaction, Wx10-¢ mol/s
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Figure 4 - Changes in the rate of phenylacetylene hydrogenation in the presence of (/) Pd-PAA(1:5)/MS and (2) Pd-
PAM(1:5)/MS. Conditions: catalyst sample weight, 0.02 g; temperature, 40°C; H, pressure, 0.1 MPa; solvent, ethanol (25 mL);
and initial phenylacetylene amount, 0.25 mL.

According to chromatographic analysis, a rapid increase in the styrene content occurred on Pd-
PAA(1:5)/MS in the initial period of time. Then its amount decreased due to its reduction to ethylbenzene
(Figure 5a). Similar changing the composition of the reaction products was observed during hydrogenation

— 3 ——
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of phenylacetylene on Pd-PAM(1:5)/MS (Figure 5b). The maximum styrene content reached at 70"
minute (78.1%) and at 45™ minute (81.0%) on PAA- and PAM-stabilized catalysts, correspondingly.
These time values coincide with the time of increase in the reaction rates on these catalysts (Figure 4,

curves / and 2)
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Figure 5 - Changes in the composition of reaction mixtures during of phenylacetylene hydrogenation on (a) Pd-PAA(1:5)/MS and
(b) Pd-PAM(1:5)/MS: (1) phenylacetylene, (2) styrene, and (3) ethylbenzene. Conditions: catalyst sample weight, 0.02 g;
temperature, 40°C; H, pressure, 0.1 MPa; solvent, ethanol (25 mL); and initial phenylacetylene amount, 0.25 mL.

The lower activity and selectivity of Pd-PAA(1:5)/MS (80.9%) compared with Pd-PAM(1:5)/MS
catalyst (88.0%) (Table 2) was probably due to the stronger interaction of PAA with catalyst components
[24], and, as a consequence, more difficult access of the substrate to palladium active centers.

Table 2 - Results of the hydrogenation of phenylacetylene (0.25 mL)
on Pd-polymer/MS catalysts (0.02 g) in ethanol (25 mL) at 40°C and 0.1 MPa

Catalyst Wx10°, mol/s Selectivity for styrene, Conversion, %
C=C Cc=C %
Pd-PAA(1:5)/MS 0.73 0.82 80.9 96.5
Pd-PAM(1:5)/MS 1.18 1.08 88.0 92.0

The catalyst was easily separated from the reaction medium by magnetic field (Figure 6) at the end of
the process indicating the prospect for development of such type of new nanosized magnetic materials for

catalysis.

Figure 6 — Images of reaction mixture before (a) and after (b) magnetic separation of Pd-PAM/MS catalyst
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The next step of study demonstrated the effect of the ratio of active phase components (Pd:PAM =
1:5, 1:10 and 1:15) on the catalytic properties of Pd-PAM/MS. It was found that the reaction rate
increased with increasing polymer content in the catalysts. The highest rate (1.36x10° mol/s) of
phenylacetylene hydrogenation showed the catalyst with the ratio of Pd:PAM=1:15 (Figure 7).
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Figure 7 - Changes in the rate of phenylacetylene hydrogenation in the presence of Pd-PAM/MS catalysts: (1) Pd:PAM = 1:5; (2)
Pd:PAM = 1:10 and (3) Pd:PAM = 1:15. Conditions: catalyst sample weight, 0.02 g; temperature, 40°C; H, pressure, 0.1 MPa;
solvent, ethanol (25 mL); and initial phenylacetylene amount, 0.25 mL.

The selectivity for styrene on all studied Pd-PAM/MS catalysts was close to 88-89% at the substrate
conversion of 92%. Thus, it has been shown that the activity of the catalysts increases with increasing
polyacrylamide polymer content, while the selectivity of the process remains practically unchanged (Table
3). These results can indicate formation of uniform active centers on magnetic support.

Table 3 - Results of the hydrogenation of phenylacetylene (0.25 mL)
on Pd-PAM/MS catalysts (0.02 g) in ethanol (25 mL) at 40°C and 0.1 MPa

W10, mol/s Selectivity for S
Catalyst C=C c=C styrene, % Conversion, %
Pd-PAM(1:5)/MS 1.18 1.08 88.0 92.0
Pd-PAM(1:10)/MS 1.21 1.32 88.1 95.1
Pd-PAM(1:15)/MS 1.36 1.18 89.2 93.0
Conclusion

A simple method for the synthesis of supported palladium hydrogenation catalysts with magnetic
properties has been developed. The procedure consisted of mixing a colloidal solution of polymer-
stabilized palladium with a suspension of a highly disperse magnetic support (y-Fe,O;). The active phase
was fixed due to reducing the surface energy of the magnetic nanoparticles as a result of the adsorption of
the polymer-metal complex.

The results of testing the obtained catalysts in the hydrogenation of phenylacetylene have
demonstrated their high activity (reaction rates are 0.73-1.36x10° mol/s) and selectivity for styrene (80.9-
89.2%). The optimum catalytic properties showed the supported palladium composite stabilized with
polyacrylamide with Pd:PAA ratio of 1:15. The advantage of the use of magnetic nanosized materials as
supports is formation of dispersed catalysts close to colloidal systems and simplicity of their separation
from reaction products by magnetic field.

— 34 ——
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9.T. TanraTos, A.C. Oye3xanoBa, H.2K. Tyma6aes, C.H. AxmeToBa,
K.C. CeiiTkanueBa, E.O. bermar, 9.K. ’Kapmaram6eToBa

«/1.B. CokosbCKuii aTPIHAAFHI XKaHAPMal, KaTaian3 KoHE eKTpoxuMusi HHCTHTYTE AK, Anmartel, Kazakcran

OEHNWJIADETWJIEHAI THJAPJIEYT'E APHAJIFAH MATHUTTI TACBIMAJIJATBIIIKA
OTBIPFbI3bLIFAH IIOJIUMEP-TTAJIIAIAA KATAJTA3ATOPJIAPBI

AHHOTanusi. MarHuTTi TachIMaNJarbllliKa OTBIPFbI3bLIFAH Pd-mojmMep Katamu3aTtopiiapbl aacopOLMSUIBIK
omicrieH naifbHaan bl MarHUTTI TACHIMAIIAFBII TEMIp XJTOPUATEPIH HATPHil ruapokcumiMen Gipre Fe® :Fe*" = 2:1
KaTblHaCcTa OIpIKTIpIN OTBIPFBIZY OJiciMeH cuHTe3AemiHAl. [lajymaauaiH KOJUIOMATHL  epPTIHIIEp CEepHsCHI
nomuakputaMug (ITAA) xoHe monmuakpwi KeuKeUAapslHeH (ITAK) KaTbicysIMeH opTypIli MaIaguabIH IOIAMEpTe
Moubaik KatbiHaceiHaa (Pd:ITAK = 1:5; PA:ITAA = 1:5; Pd:ITAA = 1:10 u Pd:ITAA = 1:15) Hatpuii oporuapuaiMmeH
K,PdCl, TOTBIKCBI3IaHABIPY aPKbUIbI AJIBIH/BL.

BacTankel KOMIIOHEHTTEP JKOHE KaTaau3aTopiap GU3MKO XUMISUIBIK diCTepMeH 3eprremiugi. POA Hotmwkenepi
CHHTE3IEJITCH MAarHUT YJTICI KPUCTAIABIK OeTi OOMBIHIIA MIMTHHAIBIBI KYPBIIBICH 0ap MarreMUTKa COMKEC €KEHIrl
KOPCETTi koHe OeNmeKTepaiH oprama emmemi 8,5 HM TeH. 425 uM kesinge PAClY HOHmapBIHBIH KYTBLTY
CBI3BIKTAPBIHBIH JKOFAybl NAJUIQJWABIH TOJBIK KaJlblHA KeNTeHIH Adiesueiai. DJeMeHTTI aHanu3 OoWbIHIIA
KaTalM3aTop/aFbl NAJUIQJAMH MeJIepl ecenTen alblHFAaH HOTH)KEre JKaKblH JKOHE OapliblKk KOMIIOHEHTTEp
CyMMachIHbIH 1Mac. % KypaWzpl, sSIFHM MAarHdTTI TachbIMaJJaFrbllliKa MOJMMEPMEH MPOTEKTIPACHIeH MNaJUIaani
OeIIeKTePiHIH OTHIPFAaHBIH PACTANIBI.

DenunaneTHaCH Il rHApIey e 0apIbIK KaTanu3aTtopiiap )KOFapbl OEICEH/IUIIK KOHE CTHPOJ OOMBIHINA HKOFapPhI
ceneKTUBTUTIK (We=c = 0,73-1,36x10° mons ¢, S¢ = 80,9-89,2%) kepcerri. [IAA-TypaKTaHIBIPHUIFaH MajLIagni
karanu3atopel Pd-ITIAK/MT Kkaraau3aTOpbIMEH CalbICTBIPFAHAA CTHPOJABIH IIBIFBIMBI  JKOHE PEAKIHSHBIH
KBULIAM/IBIFbI J)KOFapbl OONaThIHABIFBIH KepceTTi. [lonmepain memnmepid aprthipy PA-ITAA/MT karanu3aTopbiHbIH
KaTaJINTHKAIBIK KACHETIHE a3all dcep eTel.

Tyiiin ce3nep. [Tayiaaunii, nonumep, MarHUTTI KaTaaU3aTop, THAPIEY, QeHUIaleTHICH.

YIK 541.128.13:542.975°973:541.64

9.T. TaaraTtos, A.C. Aye3xanoBa, H.JK. Tymaoaes, C.H. AxmeToBa,
K.C. CeiiTkanueBa, E.A. Bermat, A.K. )Kapmaram6eToBa

AO «MHuCTHTYT TOTUMBA, KaTtainmu3a u snekTpoxumun uM. [.B. Cokonsckoro», Anmatsl, Kazaxcran

MMOJIMMEP-ITAJIJTAJIMEBBIE KATAJIM3ATOPBI HA MAT'HUTHOM HOCHUTEJIE
IS THAPUPOBAHUSA PEHUJIANETUJIIEHA

AnHoTanusi. Pd-monumep karannm3aTopbl, HaHECEHHbIe Ha MarHUTHbIH Hocutens (MH), Obutn ycremrHo
NPUTOTOBJICHBI  a[JCOPOLIMOHHBIM METOZOM. MarHuTHBI HOCHUTEIb CHHTE3UPOBAIM METOJOM COOCAXKICHHUS
XJTOPHJIOB JKeJe3a THAPOKCHIOM HaTpus B cootHomennn Fe':Fe?” = 2:1. Cepuio KOIIOMIHBIX PACTBOPOB NAILIAIHS
nojiydanu nytem BoccraHoBieHuss K,PdCl; Ooporuapumom nHatpusi B mpucytctBuu nonmakpwiamuna (ITAA) u
nonuakpuioBoi kKucioTsl (ITAK) ¢ pa3nuaabiM MONBHBIM OTHOHIeHHMeM mautaaua K momumepy (PA:ITAK = 1:5;
Pd:ITAA = 1:5; PA:ITAA = 1:10 u Pd:TTAA = 1:15).
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HcxonHple KOMIOHEHTHl M KaTallM3aToOpbhl ObUIM OXapakTepPH30BaHbl (HH3UKO-XMMHUUYECKHMH METOJAMH.
Pesynprater POA moka3amy, 9TO CHHTE3MPOBAaHHBIM MAarHUTHBIN 00paser] Mo KPHUCTAUIMYECKHM IUIOCKOCTSIM
COOTBETCTBYET MAaITEMHUTY CO IIMUHAIBHON CTPYKTYPOH M MMeEeT CpeaHHi pa3mep dacTHi 8,5 HM. Vcue3HoBeHHe
noocsl moromiennss woHo PACl” mpu 425 HM CBHIETEIBCTBOBANO O IMOJHOM BOCCTAHOBICHHM MAILIAIHSL.
CornacHO 3JIEMEHTHOMY AaHAIM3y COAEp)KaHHE MaIagusl B KaTalu3aropax ONM3KO K PACYeTHBIM JAHHBIM H
cocraBisieT Imac.% OT cCyMMBI BCeX KOMIIOHEHTOB, YTO CBHUJAETEIBCTBYET O KOJHMYECTBEHHOM 3aKPEIUICHUU
MOJTUMEP-TIPOTEKTHPOBAHHBIX YaCTHUII TAJUTAAUS HA MATHUTHOM HOCHUTEJIE.

PesynbraThl THApHpOBaHMs (EHWIIALCTUIICHA MOKa3aJd, YTO BCE KAaTalM3aToOpbl IMPOSBISIOT JIOCTATOYHO
BBICOKYIO aKTUBHOCTh M CEJIEKTUBHOCTH MO cTUpoiry (We=c = 0,73-1,36x10° monb ¢, S¢r = 80,9-89,2%). TTAA-
CTaOMJIM3UPOBAHHBIA MMaJUIAAMEBBIA KaTanu3aTop MOoKaszan 0oJjiee BBICOKYIO CKOPOCTh W BBIXOJ CTHUpPOJA IO
cpaBuenuio ¢ Pd-ITAK/MH kaTtanu3aTopoMm. YBEIHUYCHHE COACPIKAHHs IOJIMMEPa HE 3HAYMTEIBHO BIIMSCT Ha
karanutuueckue cBoiictea Pd-ITAA/MH karanuzaTopa.

KiroueBbie cioBa. [Tamranuii, monuMep, MarHUTHBIA KaTaau3aTop, THAPUPOBAHNE, ()EHUITAIETHUIICH.

Information about authors:

Talgatov E.T. - Senior Researcher, Doctor PhD, Laboratory of Organic Catalysis, JSC “D.V. Sokolsky Institute of Fuel,
Catalysis and Electrochemistry”, Almaty, Kazakhstan. Tel: +77272916972, e-mail: eldar-talgatov@mail.ru, ORCID iD 0000-
0001-8153-4765;

Auyezkhanova A.S. — Leading Researcher, Candidate of Chemical Sciences, Laboratory of Organic Catalysis, JSC “D.V.
Sokolsky Institute of Fuel, Catalysis and Electrochemistry”, Almaty, Kazakhstan. Tel: +77272916972, e-mail:
a.assemgul@mail.ru, ORCID 0000-0002-8999-2864;

Tumabayev N.Z. - Leading Researcher, Candidate of Chemical Sciences, Laboratory of Organic Catalysis, JSC “D.V.
Sokolsky Institute of Fuel, Catalysis and Electrochemistry”, Almaty, Kazakhstan. Tel: +77272916972, e-mail:
muhamed 76@mail.ru, ORCID 0000-0002-4871-0541;

Akhmetova S.N. — Junior Researcher, Laboratory of Organic Catalysis, JSC “D.V. Sokolsky Institute of Fuel, Catalysis and
Electrochemistry”, Almaty, Kazakhstan. Tel: +77272916972, e-mail: sn.akhmetova@mail.ru, ORCID 0000-0003-1048-2640;

Seitkalieva K.S. - Junior Researcher, Laboratory of Organic Catalysis, JSC “D.V. Sokolsky Institute of Fuel, Catalysis and
Electrochemistry”, Almaty, Kazakhstan. Tel: +77272916972, e-mail: kuralai_seitkalieva@mail.ru, ORCID 0000-0002-1502-
8845;

Begmat Y.A. — Senior laboratory assistant, Laboratory of Organic Catalysis, JSC “D.V. Sokolsky Institute of Fuel, Catalysis
and Electrochemistry”, Almaty, Kazakhstan. Tel: +77272916972, e-mail: begmat1995@mail.ru, ORCID 0000-0002-7308-3471;

Zharmagambetova A.K. - Head of the laboratory of Organic Catalysis, Doctor of Chemical Sciences, Professor, JSC “D.V.
Sokolsky Institute of Fuel, Catalysis and Electrochemistry”, Almaty, Kazakhstan. Tel: +77272916972, e-mail: zhalima@mail.ru,
ORCID ID 0000-0002-7494-6005




ISSN 2224-5286 Cepus xumuu u mexronoeuu. Ne 6. 2018

MA3MYHbI

Tyneamaposa C.A., Kcanoonyno I'., Kaymenosa I'.H., JKymabex M., Batiscymanosa T.C., I pucopvesa B.11., Komawxo JI.B.,
becumosa I'.Y. MeTaHIbI CHHTE3 Ta3Fa KaTATUTHKAIBIK pHQOPMUHTICY/IC KaHY d/IiCIMCH KOMITO3UTTI MaTepHaIapabl xkacay...6
Johann Dueck, Tamaesa P., baiimanosa A., baxewosa JK., Kancanimog b. Akaba cynapabl OHOJIOTHSITBIK OHICY:

TCOPHSIBIK HETI13/1€P1 KOHE IKCHICPHUMEHTTIK 3EPTTCYIICD . . uveuverrerereeseeseeseessessessersassessessessesseessessensessessessessessesssessessessessessessansassense 16
Opvimbemosa I'.3., Conficoni D., Kaceimosa M.K., Kobacacaposa 3.U., Opvimbemos .M., Illambynosa I'.J]. CyT xoHe
CYT OHIMACPIHC KOPFACHIH TOYCKEIIH GAFAIIAY ... ..eueeueuteueetertesteseseesensestaseseasenseseaseneesesesesseneesenseneaseneeseseesteseneesesseseasenseseseseaseneesenee 23

Tansamos O.T., Oyesxanosa A.C., Tymabaes HIK., Axmemosa C.H., Ceiimxanuesa K.C., beemam E.O., Kapmazambemosa O.K.
DeHITANEeTUIICHAI THAPIICYTe apHAIFaH MATHUTTI TACBIMAIJAFbIIIKA OTHIPFBI3BUIFAH OJUMEP-TIAIUTAANI KaTaIn3aTopIaps ....29
Epmazambem Bb.T., Pemnes I'.E., Mapmemvanos C.M., Byxapxun A.A., Kacenosa K. M., Hypeanues H.Y. MalikyObI jxoHE
OkibacTy3 keMip OacceiiHepiHiH ANIEKTPUKAIIBIK KaCHeTTepl

beticenbaes A.P., JKabaesa A.H., Cynyosa JLIL, [ywkun A.B., Aoexernos C.M. Okcruma MHHOCTPOOHHHBIH

CYIPAMOJICKYJISAPIIBIK KSIICHIH CHHTE3IEY MEH BEDTTCY ... veueuereererenenteesestaessesentssetesenessesesestasesesensssesesensssesesentasesesensssesesenesseseseneas 46
Jadhav A. S., Mohanraj G. T., Mayadevi S., Gokarn A. N. lonTb! ancopOLUsSHBIH CaHbl OOWBIHINA KATEXY aTThl
JKaHFAKThIH KaOBIFBIHAH aJIbIHATBIH HAHO-0ETTIK OSNCeHAIPIITeH KOMIPIiH KOJIEMIiH aHBIKTAYABIH HKBULAAM OMICI...ccveerveeeeenese 53

Hypxenos O.4., @azvinos C./[., Hcaesa A.JK., Ceiinxanoe T.M., ’Kueomoea T.C., [llyneay 3.T., Kootcuna K. M.
OyHKIHOHAIIBIK-OPHIHOACHUTFaH H30HUKOTHH KBIIIKBUIBIHBIH THAPA30HIaPhl MEH [UKIOASKCTPUHICPIIH KOMILIECKCTIK

KEIITCHCDT TKOH. ... veuvententerterteetteutestestentententensesseeseebeebeebeeatentente s e besbe st e beebeeseeseemtententembenbe st eb e ehees e es b emtenbentensenbenbesbeebeeseestententenbenbenbenns 57
Epmacambem B.T., Hypeanues H.Y., Abvineasuna J1J]., Macnose H.A., Kacenosa JK.M., Kacenos b.K. Kemip mrak
KaJIJIBIKTAPBIHBIH OHIMJCPIHCH OaFa bl KOMIIOHCHTTEP QITYIBIH OJIICTED . eueeureuieurerrenrentersersereessessesseeneeneesensansessessessessessesseensensenes 67

Hlomanosa XK., Cagpapos P.3., )Kymaxanosa A.C., Hocenxo FO.I"., XKanubexoea A.T., Illanexoea H.JI., Jlopanm ]].
DeppoKOPHITIIAHBI OHJICY KAJIJBIKTAPhl HET131H e albIHFaH KaTaau3aTopiiap OCTiH JICKTPOH/IBIK MUKPOCKOIIHUS dTiCiMEH

BEPTTEY -.uveutententertenterterttestestestestententeseabeebeebeeut et b esteateat et et e seeebeehees e ebeeb e emtem e et e st e b e e bt e bt e bt e bt eh b e Rt e Rt et et e et e bt bt eb e e bt eb e et et et e b e b ehenbeeaeeas 79
baewos A., I'aunos T.3., baewosa A.K., Konecnuxoe A.B. Mpic (II) noHaapbIH yIII BaleHTTi THTAH HOHAAPbIMEH

LEMEHTALMSIIAY apKbUIbI HAHO — YKOHE YJIBTPAIUCIEPCTI MBIC YHTAKTAPBIH ALY ..c.cveveuierrereaereereresesesesesessaseseaessesesesensesenenessesesens 87
baewos A.F., Mvipzabexos b.D., Konecnuxos A.B. Kypambiana tutan (IV) nonmapsl 6ap KYKipT KbIIIKBUIBI €piTIHAICIHAE

MBIC QaHOJIBIH KOJIIaHy KEe3iHJIE HJIEKTPOJIUT KOJIEMIH/Ie IUCIEPCTI MBIC YHTAKTaPBIHBIH TY3UILY 3aHIBIIBIKTAPBL.......cveveeeerennenene 96
Yupkyn /1. 1., Jlesoanckuii A.D., I'onybes B.I"., Capcenbexynvi /., Kymucbexos C.A. OHepkacinTik 6apabaH bl

JUIPMEHJIEP JKYMBICHIH CapanTaiay jKOHE OJMAPABI HKETUTIIPY HKOTIIAPBL....veuverrerrerrerserserserseeseessessessessessessesseeseessessessensessessessessanse 102

bpoockuii A.P., I'pueopwvesa B.I1., Komawxo JI.B., Hypmaxanos E.E., Yanviwesa U.C., [llanosanoe A.A., lllnvleuna U.A.,
Hcexesuu B.1. Monexyna 30u151 0ap Fe/y-Al,O5 xaTanus ik xkyiieHiH e3apa apekerrectiri L. y-Al,Os xone Fe/y-Al,O; 6actankst
FKYFICHIH BEDTTECITY L. veuveuvevertereeestertensessessessensesseeseaseeseassessensessensessessessessessesssessessensensessensesseeseessessessessensensessensensessensensesssesensensensensens 109

bpoockuii A.P., I'pueopwvesa B.11., Komawxo JI.B., Hypmaxanos E.E., Yanviwesa U.C., [llanosanos A.A., [lnvieuna U.A.,
Ackesuu B.H. BzanumoneiicTBue katanutuaeckoii cucremst Fe/y-Al,O; ¢ monexkynamu-3onnamu I1. McenenoBanue Hocurens
v-Al,O3 u cucremsl Fe/y-Al,O3 mocne B3auMOACUCTBHS C BOJOPOJIOM M AMMHUAKOM........cevverrerersesensensessensesassessessessessessessessens 120

Jlocnaes M. M., baewog A., ’Kymaxanosa A.C., Jocnaes J]. M., Cvi30vikosa b.b., Kaxenos K.C., Ecenbaesa I".A. Kannii
METaCHUIIMKAThl €PTIHAIH/IICIHE MBIC aHOABIH MOJSIPU3aLMsIAY Ke3iHAerT HAHOANCIIEPCTi MbIC CHIIMKAThI YHTAFbIHBIH TY31I1y
IMEXAHIBM. ... .vveeureeeureeeeseeeesseeeseeasseeesseeeseeessseesseeesssaaasseessseessssensseeasseeessseesssseassseassseessseeasseesseeesseeeasssenssessseseaseeeasseeesseeenseeeseeaanns 130

Haoupos K.C., Yepxaes I'.B., Yuxonaockux E.A., Maxxaseesa H.A., Caovipbaesa A.C., Opvimbemosa I".J. Exi OTBIHIBI
i KeMeJIep/IiH Maija aHbUIFaH ra3[apbIMEH 3UsHIbI 3aTTap IbIH IIBIFAPBUTYBIHBIH KOPIAFaH OpTaFa jKoHE TYPFBIHIAD

JICHCAYITBIFBIHA QCCPIH TATIIIAY ...vvvveuvenrersersersersersessessesseeseensensensensessessesseeseensensensensessensessessessessesntensensensensensensessessessesseeseensensensensenss 138
Xycaun B.X., Bunnuxosa K.K., Cacc A.C., Paxmemosa K.C., Kensun H.P.beiirapanTanapipy OponecTeri naianaHbuiFal
ra3Jiap IbIFYIBIH APOJHHAMUKAIIBIK MOCIIBIICY .e.vvevverrerrersersersessessessessesssessessessesersessessessessessesssessessessessensensessessessessssssessessensenss 150

Ymezenosa JIL.A., Hyprvibexosa A.K., Xaxcuaxbep Auca, Kenic JK. AKIIBUT CeNKiN ryNOCIMAITiHIH Maiiia epuTiH
KYPAMBIH BEPTTEY ....veuveurerenteereeuteutestententestessestessesseesesseeseensensensensessensessessesseessensensensensenseseessessesseestententensentensensensensessesseensensensensenne 156

—— 163 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

COJEP/KAHUE

Tyneamaposa C.A., Kcanoonyno I., Kaymenosa I'.H., JKymabex M., Batiscymanosa T.C., I pucopvesa B.11., Komawxo JI.B.,
bezumosa I'V. Pa3paboTka KOMIIO3UTHBIX MaTE€PUaIOB METOIOM FOPEHUS IS KAaTATUTHIECKOTO pU(GOPMIHTa METaHa

B CHTHTEB T3 .c.veettentteteeteenteenseesaesttesusesusesseesseenseenteeateestesaseestesetesbeenseemseenteeasees et seteeetesheemse e st embeemteeabeenbeeaseestesat e st e saeen bt et e enseenseenseennes 6
Johann Dueck, Tamaesa P., baiimanosa A., bakewosa JK., Kancansimog b. bruonorudeckast 00paboTKa CTOYHBIX BOJI:

TEOPETUYECKAS OCHOBA U SKCIICPHUMEHTATIBHBIC MCCITCIIOBAHMS. ... e.vvvrerrenrensenseseeseeseeseeseessessessessessensensessessessesseessensensensensessensensenses 16
Opuvimbemosa I'.3., Conficoni D., Kaceimosa M.K., Kobocacaposa 3.H., Opvimbemos D.M., Illambyrosa I /]. Ouenka

PHUCKA CBHHLA B MOJIOKE H MOJIOUHOM TIPOILYKLIEIH «....veuvenrenreneeutententensensensessensessesseesesseeseensensensensensessensessesseessessensensensensessessessesneenees 23

Taneamog O.T., Ayesxanosa A.C., Tymabaes HIK., Axmemosa C.H., Cetimxanuesa K.C., beemam E.A., ’Kapmacambemosa A.K.
INonnmep-naniaanueBble KaTaIN3aTOPbl HA MAHUTHOM HOCHTENE IJIsI THAPHPOBAHKS (EHIIIALETHIICHA
Epmazambem B.T., Pemnes I'.E., Mapmemvanos C.M., Byxapxun A.A., Kacenosa JK.M., Hypeanues H.V. ):[HaneKTpI/IquKI/Ie

cBolicTBa yriei MaiikyGeHckoro u 9KH6aCTy3CKOr0 BACCEITHOB. ...ttt ettt ettt ettt sttt ettt enes 38
beiicenbaes A.P., ’Kabaesa A.H., Cynyosa JLIL, Jywxun A.B., Aoexenos C.M. CUHTE3 ¥ N3y4eHHe CyNpaMOJIeKyJIIPHOTO
KOMIIIIEKCA OKCUMA MHHOCTPOOMHA. .....vevevieeeeerrisireueteateeteseateeesesestesesesest e et st eesesestesseseseseesesese s eaesestaesseseseseeseseseesaesestaeesesenesenene 46

Jadhav A. S., Mohanraj G. T., Mayadevi S., Gokarn A. N. BeICTpbIil MeTOA OlpeaeeHuUs II0AAN HAHO-IIOBEPXHOCTU
AKTUBHUPOBAHHOTO YIJIS OJIy4€HHOTO M3 000JI0UYKH OpeXa KaTexXy 110 YUCITY aJCOPOLIMN HOMA. . ...veurerrereeererrerererrnereeireneneeenennene 53

Hyprenos O.A., @aszvinos C /1., HUcaesa A.JK., Ceiinxanos T.M., JKusomosa T.C., Llyrveay 3.T., Koorcuna JK.M.
Komrutekcnl BKIFOUEHHST (PyHKIIHOHAIBHO-3aMEIEHHBIX THAPA30HOB U30HUKOTHHOBOM KUCIIOTHI C IUKJIOASKCTPUHAMHE U UX

AHTUPATMKAITBHAST AKTHBHOCTD. ....ve.uteeutetterteeteenteensesseessesatesstesseenseenseesesssesaseassesseenstenseenseenseenseansesssesstesseenseenseenseensessesssesseesseesseense 57
Epmacambem b.T., Hypeanues H.Y., Abvineasuna JIJ., Macnos H.A., Kacenosa JK.M., Kacernog B.K. MeToabI U3BIICUCHUS
LEHHBIX KOMITIOHEHTOB U3 30JI0IIIAKOBBIX OTXOMOB YTUICH. ....ueevieutienieeteeneeriieeetesutesueeseenseenseenseansesnsesseesseenseenseenseensesnseansesseesseensenns 67

Hlomanosa JK.K., Cagpapos P.3., JKymaxanosa A.C., Hocenxo FO.I"., XKanubexoea A.T., [llanexoea H.JI., Jlopanm ]].
HccnenoBaHue METOIOM 2JIEKTPOHHONH MUKPOCKOITHH IIOBEPXHOCTH KaTalIN3aTOPOB, HOJIyICHHBIX HA OCHOBE OTXOJ0B

(DEPPOCIITIABHOTO TTPOMBBOICTBA. .. .v.veeveuvereatenesenseseaseneaseaseseasenseseasasesseneaseneeseaseneasenseneasentesensestaseseasenseseaseseasensesenseneaseneesesseneeseneesessan 79
baewos A., I'aunos T.D., Baewosa A.K., Konecnuxog A.B. [lony4enne HaHO- ¥ yIBTPaAUCIIEPCHBIX MTOPOIIKOB MEAH
HneMeHTanueil HoHOB MeIH (11) HOHAME TPEXBATECHTHOTO THTAHA ......cc.eeuveueeteruertersesuessesseestesesensessessessessesssensensensensessessessessesesseens 87

baewosA.b., Mvipsabexos B.E., Konecnuxog A.B. 3axoHOMepHOCTH 00pa30BaHUs JUCIEPCHBIX MEAHBIX TIOPOIIKOB
B 00BbEME IIIEKTPOIIUTA IIPU UCIIOIE30BAaHUU MEIHOTO aHOJIa B PACTBOPE CEPHOU KHUCIOTHI,coepxkanieid nonsl tTutana (IV) ... 96
Yupkyn /1. U., Jlesoanckuii A. 3., I'onybesB.I'., Capcenberynot J., Kymucbexos C.A. Anamu3 paboThl OapabaHHBIX
MIPOMBIIUICHHBIX MEJIBHHUIl M IYTU UX YCOBEPIIECHCTBOBAHMS ...vevveeeeneerueenseeseenseeneesneeeneesseesseesseenseenseenseensesnsesneesseesneessesnseenses 102
bpoockuii A.P., I'pueopwvesa B.11., Komawxo JI.B., Hypmaxanos E.E., Yanviwesa U.C., [llanosanos A.A., [lnvieuna U.A.,
AHckesuu B.H. B3aumoneiictBue katanutuyeckoit cucremsl Fe/y-Al,O; ¢ Mmonekynamu-3ouaamu 1. ccnenosanue y-Al,O3 u
HUCXOTHOM CHCTEMBI FE/Y-AL5003 ..ottt ettt h e st et e s b e st b eneeb et et et e st et e et e st ene et eneeneaneneaee 109
bpoockuii A.P., I'pueopwvesa B.11., Komawxo JI.B., Hypmaxanos E.E., Yanviwesa U.C., [Llanosanos A.A., [lnvieuna U.A.,
Acresuu B.H. BzaumoneiicTBue kaTanutudeckoii cucremst Fe/y-Al,O; ¢ monexkynamu-3onaamu 1. MccnenoBanue Hocurens
v-Al, 05 u cuctemsl Fe/y-Al,O; mociie B3auMOJeHCTBUSI C BOJXOPOIOM U aMMHAKOM ..
Jocnaes M. M., baewog A., ’Kymaxanosa A.C., [ocnaes [{ M., Cviz0viko6a B.b., Kakenos K.C., Ecenbaesa I"A.
MexaHn3M 00pa30BaHNs HAHOAWCIIEPCHOTO TIOPOIIKA CHIIMKATA MEIU B PACTBOPE METACHITHKATA KATTHS «..c..evvnrenreneenrenveneeneenee 130
Haoupos K.C., Yepxaes I'.B., Yuxonaockux E.A., Maxkaseesa H.A., Cadvipbaesa A.C., Opvimbemosa [".D. AHanu3 BIUSHASA
BEIOPOCOB BPEIHBIX BEIICCTB C OTPAOOTABIIMME I'a3aMH CYIOBBIX JIBYXTOIUIMBHBIX JBC Ha OKPYXKAIOIIYIO CPENy U 310POBHE

HaCeJIeHUS......... . s et st 138
Xycaun E X, BuHHuKoea K. K Cacc A C , Paxmemosa K. C

HPOXOXKACHHS BEIOPOCOB B IMIPOLECCE HEUTPAITHBALIHM. ...c...veeeereneenearentaseeestateseasensesessesessensesensesessensesesaestaseneesesseneesensenesseneasensenenne 150
Ymezenoea JI.A., Hyprvibexosa A.K., Xaxcuaxbep Auca, Kenic JK. UcciaenoBanue >xupopacTBOPUMOTO cOCTaBa paOuuKa

BIICITHOIIBETKOTO. ... ettt ettt ettt ettt sttt st b e bbbt st e e e s b e bt e b e bt e bt eh e bt eb e e st em b et e st bt ab e bt ebe e bt ebeebeentententenbensentenee 156

— 164 ——



ISSN 2224-5286 Cepus xumuu u mexronoeuu. Ne 6. 2018

CONTENTS

Tungatarova S.A., Xanthopoulou G., Kaumenova G.N., Zhumabek M., Baizhumanova T.S., Grigorieva V.P., Komashko L.V,
Begimova G.U. Development of composite materials by combustion synthesis method for catalytic reforming of methane to

SYMENESIS AS...e.vetetiitiitietieiteite et e ettt et etteut et e este st e testesaesbeeseeseesteseenten s e st anbe s e be e bt eh e ekt eh e en e en b en b e st et e be st b e st eseententententenbententestenrenreene 6
Dueck Johann, Tatayeva R., Baymanova A., Bakeshova Zh., Kapsalyamov B. Biological treatment of waste water:

theoretical background and eXperimental TESEATCH...........ccieieieieieieieeeeeeee ettt ettt et seese et esse s essensensensensansenns 16
Orymbetova G.E., Conficoni D., Kassymova M.K., Kobzhasarova Z.1., Orymbetov E.M., Shambulova G.D. Risk assessment

of lead in Milk and dAITY PIOQUECLS .......c.eoiiuiiieieee ettt bttt s et e st e st ebe e b es e e b e s es e be e ete e e eebeneeaenteneas 23
Talgatov. E.T., Auyezkhanova A.S., Tumabayev N.Z., Akhmetova S.N., Seitkalieva K.S., Begmat Y.A., Zharmagambetova A.K.

Polymer-palladium catalysts on magnetic support for hydrogenation of phenylacethylene..............cocoevereriiniininiieneneneneneneeee 29
Ermagambet B.T., Remnev G.E., Martemyanov S.M., Bukharkin A.A., Kasenova Zh.M., Nurgaliyev N.U. Dielectric

properties of the coals of Maykuben and EKIDastuz Dasins..........cc.eeeveiriirinieininieienciniceene ettt ettt s 38
Beisenbayev A.R., Zhabayeva A.N., Suntsova L.P., Dushkin A.V., Adekenov S.M. Synthesis and study of pinostrobin

OXIME SUPTAMOICCUIAT COMPIEXES......vieuieeieiieieiieieitesterte st e sttt ettt et et et este s e besbesseeseesaeseesaesaessesessasssessessensensessesesseaseaseassassensensen 46
Jadhav A. S., Mohanraj G. T., Mayadevi S., Gokarn A. N. Rapid method for determination of nano surface area

of arecanut shell derived activated carbon by iodine adSOrption MUMDET...........ccooeiririiiiiieieerte et 53
Nurkenov O.A., Fazylov S.D., Issayeva A.Zh., Seilkhanov T.M., Zhivotova T.S., Shulgau Z.T., Kozhina Zh.M. Complexes

of inclusion of functionally-substituted hydrasons of isonicothic acid with cyclodextrines and their antiradical activity............. 57
Yermagambet B.T., Nurgaliyev N.U., Abylgazina L.D., Maslov N.A., Kasenova Zh.M., Kasenov B.K. Methods for

extraction of valuable components from ash-and-slag Coal WaSLES.........c..ccevuiirireiinieiniencitcee et 67
Shomanova Zh.K., Safarov R.Z., Zhumakanova A.S., Nosenko Yu.G., Zhanibekova A.T., Shapekova N.L., Lorant D.

Electron microscopy surface study of catalysts based on ferroalloy production Waste............coecvecvreeerierierierieneneseeeeieeeseeseseenes 79
Bayeshov A., Gaipov T.E., Bayeshova A.K., Kolesnikov A.V. Synthesis of nano- and ultradisperse copper powders

by cementation of copper (II) ions by three-valent titanitm 100S........c.coueiririeirieirieeieeere ettt eneeas 87
Bayeshov A.B., MyrzabekovB.E.,KolesnikovA.V. Patterns of formation of dispersed copper powders in the body

of electrolyte during the use of copper anode in sulfuric acid solution along with titanium (IV) 100S.......ccccocevierereninienienrienieene 96
Chyrkun D.1I., Leudanski A.E., Golubev V.G., Sarsenbekuly D., Kumisbekov S.A. Analysis of industrial drum mills’ operation

and WaYS Of tNEIT TMPIOVEIMIENL. ........ceeiteieierierieete ettt ete sttt et eteete et e et estetestestessesseeseeneeseensensassensensensesseeseeseeneensensensessensensensens 102

Brodskiy A.R., Grigor’eva V.P., Komashko L.V., Nurmakanov Y.Y., Chanysheva LS., Shapovalov A.A., Shlygina I.A.,
Yaskevich V.1I. Interaction of the Fe/y-Al,O3 catalytic system with probe molecules I. Research of the y-Al,O3 and
the Fe/y-Aly03 IIIAL SYSTEIM ....oueiuiiiiiitiietietei ettt ettt et e st et e st b e st e st e b es e e b e s es e b e st es e e es et ene et eneesensene et eneeneaseneane 109
Brodskiy A.R., Grigor’eva V.P., Komashko L.V., Nurmakanov Y.Y., Chanysheva LS., Shapovalov A.A., Shlygina L. A.,
Yaskevich V.I. Interaction of the catalytic Fe/y-Al,O; system with probe molecules I1. Study OF y-Al,O5 support and
Fe/y-Al,O; system after interaction with hydrogen and ammONIa.............ccevereririiieiesieierese e sae e e see e eseeaeneens 120
Dospaev M.M., Bayeshov A., Zhumakanova A.S., Dospaev D.M., Syzdykova B.B., Kakenov K.S., Esenbaeva G.A.
Mechanism of forming nanodisperse copper silicate powder during anodic polzrization of copper electrode in
POLASSTUM STIICALE SOLULION. L..uiiiiiiiiii ettt e e ettt e e ettt e e e ettt e e et ettt e e e et etbn e eeeebbanaaaae 130
Nadirov K.S., Cherkaev G.V., Chikhonadskikh E.A., Makkaveeva N.A., Sadyrbaeva A.S., Orymbetova G.E. Analysis
of influence of emissions of harmful substances with exhaust gases of marine dual fuel internal combustion engine on the

environment and human REalthi............co.ooiiiiiiiii ettt ettt ettt 138
Khusain B.Kh., Vinnikova K.K., Sass A.S., Rakhmetova K.S., Kenzin N.R. Aerodynamic modeling of emissions passage

1N the NEULTALIZATION PIOCESS. .. vietieiieieteiierteriestesteseeteetestestetessesseesesseaseeseessessessessessesessesseessensensessensenseasessensesssnssessersensensensessensens 150
Utegenova L.A., Nurlybekova A.K., Hajiakber Aisa, Jenis J. Liposoluble constituents of Fritillaria pallidiflora................. 156

—— 165 =——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

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

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

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

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

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

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

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

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

[TpaBuna opopmieHHst CTaTbU AJIS Ty OJUKALIIH
B )KypHaJIe CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

http://www.chemistry-technology.kz/index.php/ru/

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

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

IMoamucano B mewats 05.12.2018.
®opmar 60x881/8. bymara odcernas. [Ieuars — puzorpad.
9,8 m.i1. Tupax 300. 3axa3s 6.

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



