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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences 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 geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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N. Zh. Tumabayevl, A. L Jumekeyeval, A. K. Zharmagambetoval,
B. K. Dussenalin’, A. S. Auyezkhanova', E. T. Talgatov'

'"D. V. Sokolskiy Institute of Fuel, Catalysis
and Electrochemistry" JSC, Almaty, Kazakhstan;
Hnnovative University of Eurasia, Pavlodar, Kazakhstan.
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OXIDATION OF CYCLOHEXANE ON COPPER AND COBALT
CATALYSTS SUPPORTED ON PECTIN-MODIFIED OXIDES
AND TAGANSKY MONTMORILLONITE

Abstract. Supported copper and cobalt catalysts based on pectin (PC) have been synthesized for the process of
cyclohexane oxidation with hydrogen peroxide under mild conditions. Synthetic oxides (MgO, Al,O3;, ZnO) and
natural montmorillonite of the Tagansky deposit (TS) were used as supports. Cyclohexane oxidation was carried out
in acetonitrile at 40°C and atmospheric pressure in a thermostated reactor with constant stirring. The most effective
were copper catalysts. The optimal support for fixing the active phase (Cu”") was found the monmorillonite of the
Tagansky deposit. Among the copper catalysts, the most active was a pectin-containing catalyst supported on TS, on
which the conversion of cyclohexane was 11.2%.

Key words: Cyclohexane, oxidation, montmorillonite, pectin, copper catalysts, cobalt catalysts.

Clays are widespread, easily available and low-cost chemicals. Both in their native state and in
numerous modified forms, clays are versatile materials. In recent years, clays are attracted chemist
attention as a potential supports for heterogeneous catalysts due to their abundance, inertness, ability for
simple methods of modification of textural properties. Clays structure can be varied by different methods
to suit requirements for specific catalytic targets. The textural properties may be improved by
intercalation. The formation such materials increases the thermal stability of the obtained material with
respect to the natural clay and also generates microporosity in the final material [1]. Clays can be
intercalated with a variety of inorganic and organic ions, metal complexes, and organic compounds.
Polymer-clay composites at present time are consider as promising materials for both industrial and
fundamental purposes [2]. Among them, a montmorillonite is one of the most intensively explored
catalytic materials in heterogeneous catalysis due to its low cost and eco-friendliness [3]. The
montmorillonite of Tagansky deposit (TS) is a promising material for development new types of catalysts
supported on polymer-clay matrix. The use of renewable plant polymers as polysaccharides for the
synthesis of such composites and their application in the catalysis meets the requirements of the twelve
principles of green chemistry.

The partial catalytic oxidation of paraffins is of particular interest to industry, as it allows the
production of valuable oxygen-containing products from crude hydrocarbons. The proper developed
catalysts is critical to produce target products based on these processes. A promising approach is to create
heterogeneous polymer-metal catalysts that demonstrate significant activity and selectivity in various
oxidation reactions at low temperatures and pressures.

In this work, we present the results of a study of the catalytic activity of supported copper and cobalt
catalysts in cyclohexane oxidation with hydrogen peroxide under mild conditions. Synthetic oxides
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(MgO, AL,O;, ZnO) and natural montmorillonite (TS) were used as supports. Pectin (PC), obtained from
sugar beet pulp, was applied to produce polymer-modified supports. The catalysts were prepared by the
previously developed method of consequent adsorption of polymer and then metal salts on support [4].
According to transmission electron microscopy data, the introduction of pectin into the supported catalysts
promotes the formation of metal (Cu or Co) nanoparticle on the surface of the support [5]. The metal
content in the catalyst was 1wt.%.

Cyclohexane oxidation was carried out in acetonitrile, as solvent, at 40°C and atmospheric pressure in
a thermostated reactor with constant stirring. The reaction time was 4 hours. Hydrogen peroxide was used
as oxidising agent. In the first runs, the catalysts tested in hydrogen peroxide decomposition under mild
conditions. The activity of the copper catalysts in this reaction decreased, depending on the nature of the
supports, as follows: Cu-PC/ZnO > Cu-PC/Al,0; > Cu-PC/ TS > 1% Cu-PC/MgO. The rate of O,
evolution on pectin-containing cobalt catalysts decreased in the following sequence: Co-PC/Al,O; >
> Co-PC/TS > Co-PC/ZnO > Co-PC/MgO.

Oxidation of cyclohexane with hydrogen peroxide is accompanied with lower volume of oxygen
release. This indicates participation of the oxygen in the cyclohexane oxidation. Chromatographic analysis
detected formation only two products: cyclohexanone (C-none) and cyclohexanol (C-ol), which are call as
KA-oil (ketone and alcohol). It should be noted that more amount of ketone to compare with alcohol was
formed on all of the catalysts studied. The C-none:C-ol ratio, depending on the nature of the catalyst,
ranged from 1.1 to 1.6 (table). Among the copper catalysts, the most active was a pectin-containing
catalyst supported on TS, on which the conversion of cyclohexane was 11.2% (table). The yield of KA-oil
decreased on the following row: TS > Al,0;> MgO > ZnO.

In the case of cobalt catalysts, the highest conversion was achieved on 1%Co-PC/Al,O5 (5.8%). The
following regularity was found. The activity of catalysts characterized by an acidic properties and a high
specific surface area of supports (TS = 100.7 m*/r and alumina = 96.0 M*/r) was higher than on basic
oxides (ZnO = 7.5 M*/r and MgO = 6.8 M’/r) [6].

Oxidation of cyclohexane on 1% pectin-containing copper, cobalt catalysts deposited on the various supports

Reaction products Conversion, Ratio of
Catalyst % C-none: C-ol
Cyclohexanone, % Cyclohexanol, % ° : g
Cu-PC/TS 6.4 4.8 11.2 1.3
Cu-PC/AL,04 5.9 4.0 9.9 1.5
Cu-PC/ZnO 3.0 2.0 5.0 1.5
Cu-PC/MgO 2.5 1.7 42 1.1
Co-PC/TS 29 1.8 4.7 1.6
Co-PC/AL,04 33 2.5 5.8 1.3
Co-PC/ZnO 24 1.7 4.1 ~1.4
Co-PC/MgO - - - -

Thus, the copper and cobalt catalysts based on pectin-modified oxides and TS were synthesized and
studied in the reactions of decomposition of hydrogen peroxide and oxidation of cyclohexane. The most
effective were copper catalysts. The optimal support for fixing the active phase (Cu*") was found the
monmorillonite of the Tagansky deposit.

This work was supported by the State Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan (grant AP05133114).
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H. K. Tyma6aes', A. W. :xymexeeBa', A. K. ’KapmaramGerosa',
b. K. Tiocenammn’, A. C. AyesxaHOBa', 3. T. TasraTos'
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MNEKTUH-MOJUOPUIUPIEHTI'EH OKCUATEPTE )KOHE «TAT'AH» KEH OPHBIHBIH
MOHTMOPUJUVIOHUTIHE BEKITIVITEH MbBIC JKOHE KOBAJIBT KATAJIM3ATOP/IAPIABIH
KATBICYBI APKBLJIBI IUKJIOI'EKCAH/IBI TOTBIKTBIPY

AnHoTanust. JKyMcapTbulFaH jkarJaiifia CyTeri acKblH TOTBIFBIMEH IHMKIOTE€KCaHIbl TOTBIFY YZAEpici YIIiH
nektiH (1K) HerizsiHme MbIc KoHE KOOAJBTTHI KaTalM3aToOpiiap CHHTE3NENAl. TachIMaNJarbllITap peTiHIe
cunretukanblk okcunrep (MgO, ALO;, ZnO) xoHe Taburm TaraH keH OpHBIHBIH MoHTMOpHUIOHHTI (TC)
naiinananeuiel. [{uknorekcanHbH TOTHIFYBI anieTroruTprine 40°C teMneparypana, atMocdepalbik KBICBIM/IA JKOHE
TEPMOCTATUPJICHICH PEaKTOpJa TYPAKThl apayiacThIPy apKbUIbl JKYPri3iigi. MbIC KaTaln3aToOpiIapbIHBIH THIMJIUTIC]
aHpIKTanael.  bencenmi  ¢aszamsr  (Cu’’) GekiTy yINiH OHTAWIBl TachiMaqmayuisl TaraH KEH OPHBIHBIH
MOHTMOPWIJIOHHTI TaObUIABI. MBIC KaTanu3aropiaapbiHbH apackiHaa TC HeTi3iHIeri KypaMblHAa MEKTHH Ke3IeCETiH
KaTaJN3aTOPIbIH OSJICEeH T eKeHi aHBIKTAJIbI, OHJAFhI ITUKIOTEKCaH KOHBEepCHsCH 11,2% Kypasbl.

Tyiiin ce3nep: llukiorekcaH, TOTBIFY, MOHTMOPHJUIOHHUT, TEKTHH, MbIC KaTaJM3aTOpPJaphbl, KOOAIBTTI
KaTalu3aropiap.

H. 7K. TyMaﬁaeBI, A. . I[)lcyMeKeeBal, A. K. "KapmaramGerosa',
b. K. Tiocenamun’, A. C. Aye3xan03a1, 3. T. Taxratos'

'AO «HcTutyT TOIUIMBA, KaTtanu3a u anekTpoxumun uM. Jl. B. Cokonbckoro», Anmatel, Kazaxcran;
*IHHOBAIMOHHBIIT EBpasuiickuii YHuBepcurer, IlaBnonap, Kazaxcran

OKHNCJIEHUE HUKJIIOTEKCAHA HA MEJJHBIX 1 KOBAJIBTOBBIX KATAJIN3ATOPAX,
HAHECEHHBIX HA MEKTUH-MOJU®UIIUPOBAHHBIE OKCHUJAbl U MOHTMOPUJIJIOHUT
TATAHCKOTI'O MECTOPOXKJIEHUSI

AHHOTaIII/[ﬂ. beun CHUHTE3UPOBAaHbl HAHECCHHBIC MCAHBLIC U KO6aJ'II)TOBbIe KaraJu3aTopbl Ha OCHOBE IICKTHHA
(ITK) nist mporiecca OKHCIEHHS IUKIIOTEKCaHa TIEPOKCHIOM BOJOpOJa B MITKUX YCIOBHSIX. B KauecTBe HOcuTenel
OBUTH HCIIONB30BaHBI cuHTeTHYeckne okcuabl (MgO, Al,O;, ZnO) u mpupoAHBII MOHTMOPWIIOHHT Taranckoro
mectopoxkaernss (TC). OkxkwuciaeHne IMKIOTeKCaHa IIPOBONWIM B ameToHuTpwie mnpu Ttemmeparype 40°C u
aTMoc()epHOM [aBICHHH B TEPMOCTATUPOBAHHOM pEaKTOpPe C IOCTOSHHBIM IepeMemmnBaHneM. Hambomee
3G GEKTHBHBIMH OKA3aJIUCh METHBIC Karaiam3aropbl. ONTUMalbHBIM HOCHTENEM s (PUKCAIUM aKTUBHOW (ha3bl
(Cu2+) SIBJSICTCS. MOHTMOPWJUTIOHUT Taranckoro wmecropoxiaeHus. Cpead MEIHBIX KaTajau3aTropoB HaumOoee
AKTHBHBIM SIBJISIETCSl MEKTHMHOCOJEPKAIMi Karanuzatop Ha ocHoBe TC, Ha KOTOPOM KOHBEpCHs IMKJIOTE€KCaHa
cocraBuna 11,2%.

KialoueBble cJIOBa: IIMKIOTEKCAaH, OKHUCICHWE, MOHTMOPHW/UIOHHUT, TIIEKTHH, MEIHBIC KaTaJm3aTophl,
KOOAJIBTOBBIC KaTaIn3aToOPHI.
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