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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, Al203 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 (Cu2+) 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%.
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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 ofgreen 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, Al203, 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/AI203 > Cu-PC/ TS > 1% Cu-PC/MgO. The rate of O2
evolution on pectin-containing cobalt catalysts decreased in the following sequence: Co-PC/AlI203 >
> Co0-PC/TS > Co-PC/Zn0O > Co-PC/MgO.

Oxidation of cyclohexane with hydrogen peroxide is accompanied with lower volume of oxygen
release. This indicates participation ofthe 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 > A1203> MgO > ZnO.

In the case of cobalt catalysts, the highest conversion was achieved on 1% Co-PC/AI203 (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 m2r and alumina = 96.0 m2r) was higher than on basic
oxides (ZnO = 7.5 m2r and MgO = 6.8 m2r) [6].

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

Reaction products

Cyclohexanone, % Cyclohexanol, % : '

Cu-PC/TS 6.4 4.8 112 13
Cu-PC/M~ 59 4.0 9.9 15
Cu-PC/ZnO 3.0 2.0 5.0 15
Cu-PC/MgO 25 17 4.2 11
Co-PC/rS 29 18 4.7 16
Co-PC/M~ 33 25 58 13
Co-PC/ZnO 24 17 41 ~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 (Cu2+) was found the
monmorillonite ofthe Tagansky deposit.

This work was supported by the State Science Committee of the Ministry of Education and Science
ofthe Republic of Kazakhstan (grant AP05133114).
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MNEKTUH-MOANPNLNPNEHTEH OKCUATEPIE XX3HE «TAMAH» KEH OPHbIHbLL,
MOHTMOPUNTNOHWNTIHE BEKITI/ITEH MbIC )X3HE KOBAJIbT KATAJTM3ATOPJTIAPAbIL],
KATbICYbl APKbI/1bl ULNK/TOFTEKCAHObI TOTbIKTbIPY

AHHOTaumsa. XXymcapTbinFaH >kargaifa cyTeri ackblH TOTbIFbIMEH UUWKOreKcaHfbl TOTbIFy Ygepici YiiH
nektuH (MK) HerisiHAe MbIC >3He KObGabTTbl KaTanMsaToprap CcuHTesgengi. TacbiMangarbilutap peTaHie
CUHTeTUKaNbIK okcuatep (MgO, AlI203 ZnO) >xa3He Tabwuy TaraH KeH OpHbIHbIH MOHTMOPUAIOHUTI (TC)
naiganaHblngbl. LinknorekcaHHbIH TOTbIFybl aueToHnTpUage 40°C Temnepatypaga, atMoctepasnblK KbiCbIMAa XX3He
TEPMOCTaTUP/IEHTEH peaKTopfa TypaKTbl apanacTblpy apKbiibl XYPridingi. MbiC KaTanmsaTopnapbiHbIH TLW ML
aHblkTangbl. BenceHgi dasaHbl (Cu2+) 6eliTy YwWiH OHTalnbl TacbiMasijaylwbl TaFaH KeH OpHbIHbIH
MOHTMOPWIOHUTA Tabbingbl. MbIC KaTannsaTopnapbiHbiH apacbiHga TC HerisiHAeri KypambiHa NeKTUH Ke3feceTL
KaTasm3aTtopAblH 6e/iCeH i eKeHi aHbIKTaslAbl, OHAaFbI LMKNorekcaH KoHBepcusachl 11,2% Kypafbl.

TYWin cesgep: LimknorekcaH, ToTbIFy, MOHTMOPWIUIOHWT, MEKTWH, MbIC KaTanusatopiapbl, KoBanbTTi
KatasmsaTopriap.
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OKNCNEHVE ULMKNOINEKCAHA HA MEHbBIX N KOBAJIbTOBbLIX KATAJTIM3ATOPAX,
HAHECEHHbLIX HA MEKTUH-MOANPNLINPOBAHHBIE OKCUAblI U MOHTMOPUNJTOHUT
TATAHCKOIo MECTOPOXAOEHWNA

AHHOTaUMA. BblNM CUHTE3NPOBAHbI HaHECEHHbIE MefHble N KOBaNbTOBble KaTa/n3aTopbl HA OCHOBE MEKTUHA
(MK) ana npouecca OKUCNEHNA LMKIIOreKcaHa MepoKcnoM BOAOPOLA B MATKMX YCNOBUSAX. B kayecTBe HocuTenei
6bl1 MCMO0/b30BaHbl CUHTeTUYecKkne okcuabl (MgO, Al203, ZnO) 1 NpupoAHbIA MOHTMOPWUAMOHUT TaraHckoro
mectopoxaeHnsa (FC). OKucneHve UMKOreKcaHa MpoBOAWMAW B aleTOHUTpuUNe npu Temnepatype 40°C wu
atMocthepHOM [JaBfieHMM B TepMOCTaTMPOBAHHOM peakKTope C MOCTOSHHbIM MepemMeluvBaHneM. Hawnbonee
3PPeKTUBHbIMM OKasaNncb MedHble KaTanmsaTopbl. ONTUMa/bHbIM HOCUTENeM ANs (UKcauny akTUBHOW hasbl
(Cu2t) aBnsieTcA MOHTMOPW/JIOHUT TaraHCKoro MeCTopoXaeHUsi. Cpefn MefHbIX KaTaivM3aTopoB Hawmbosee
aKTUBHbIM SIBMISIETCA MEKTUHOCOAEPXKALUMiA KaTaimsaTop Ha ocHoBe TC, Ha KOTOPOM KOHBEPCUS LMK/IOreKcaHa
coctasuna 11,2%.

KnioueBble cfoBa: UUK/OMEKCaH, OKWUC/IEHWE, MOHTMOPWINIOHUT, MEKTUH, MefHble KaTaams3aTopbl,
K06a/IbTOBble KaTanm3aTopsbl.
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