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OXIDATION OF CYCLOHEXANE AND N-OCTANE TO KETONES
AND ALCOHOLS UNDER MILD CONDITIONS

Abstract. PHMG-containing iron, chromium and manganese catalysts fixed on montmorillonite of the
Taganskii support (MMT) were synthesized for the liquid-phase oxidation of cyclohexane with hydrogen peroxide
under mild conditions. The surface of the support was modified with water-soluble polymer -
polyhexamethyleneguanidine (PHMG). Method of preparing the catalysts excludes step of reduction and calcination.
By spectrophotometry the fixing of the active phase on the surface of the polymer-modified support was shown.

Previously, the process of hydrogen peroxide decomposition on the developed supported polymer-metal
complexes was carried out. The synthesized catalysts showed activity in the decomposition reaction of H,O, under
mild conditions. Liquid-phase oxidation of cyclohexane and n-octane with hydrogen peroxide was carried out at a
reaction temperature of 40°C and atmospheric pressure. Analysis data on the oxidation of hydrocarbons on the
developed PHMG-modified bimetallic catalysts showed that the highest degree of hydrocarbon conversion observed
on 10%Fe-Cr(1:1)-PHMG-MMT catalyst. By varying the nature of the solvent (acetonitrile + water and acetone +
water), an increase in hydrocarbon conversion and selectivity of the process was achieved. When a water-acetone
mixture is used as a solvent, the conversion of cyclohexane to cyclohexanol (COL) and cyclohexanone (CON) on
10%Fe-Cr(1:1)-PHMG-MMT reaches a maximum value and is 51.4%. The degree of n-octane conversion is 48.7%.
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Introduction

Oxidation reactions constitute an important group of processes in organic chemistry, but the toxicity
of many commonly used oxidants and the need for the solvent are the main obstacles for further
development of the technology [1-5]. One disadvantage of the process is the low selectivity. The search
for new methods of oxidation in organic chemistry, and the use of "friendly" to the environment of
solvents and oxidizing agents is relevant [6, 7]. In this regard, heterogenizing oxidation on catalysts with
non-toxic hydrogen peroxide as the oxidant is a promising method of converting of hydrocarbons to a
specific product [8-20].

The use of metal complexes immobilized on polymer-modified supports, as catalysts in oxidation of
hydrocarbons is of great interest. The catalyst chemically tied with the support has improved stability and
relieve the separation of the products after the reaction. The role of polymer is to stabilize the active
phase.

In this regard, in the present work the catalytic properties of supports PHMG-modified catalysts of
transition metals (iron, chromium and manganese) in the liquid-phase oxidation of cyclohexane and n-
octane with hydrogen peroxide were studied.

The oxidation of cyclohexane with hydrogen peroxide conducted in a mixture of acetonitrile or
acetone with water at a temperature of 40°C and atmospheric pressure.

The experimental part
Method of catalysts preparation based on the modification of the natural support (montmorillonite)
the polymer with subsequent consolidation of the active phase. To obtain the active phase of the catalysts
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were used salts of manganese (Mn(CH;COO), 4H,0), iron (FeCl,), and chromium (KCrQO,). The
polymer-modifier — polyhexamethyleneguanidine (PHMG).

Catalysts were synthesized by the developed technique by mixing an aqueous solution of the polymer
with the support, with the addition of aqueous solutions of metal salts. The resulting catalyst was dried at
room temperature in air.

The concentration of metal ions in the catalyst was determined on spectrophotometer SF-2000
(Russia, 2015) from the calibration curve. Calibration was performed using a series of standard solutions
of iron, chromium and manganese.

The activity of prepared catalysts in the decomposition of hydrogen peroxide was studied by the
volumetric method at the rate of release of oxygen. A portion of the catalyst (0.03 g) in 5 ml of
acetonitrile (acetone) and 5 ml of water were placed in a thermostated glass flask connected to a burette.
In their experiments, the supply of H,O, was carried out by a one-step introduction of the calculated
amount of 0.9 ml of a 30% aqueous solution. The hydrogen peroxide concentration was determined with
refractive index.

The oxidation reaction was carried out in a mixture of acetonitrile or acetone with water. In the
catalysate obtained after decomposition of hydrogen peroxide, catalyst (0.03 g), a solution of water with
acetonitrile or acetone in the ratio of 50:50, cyclohexane or n-octane (0.3 ml), 30% hydrogen peroxide
(0.9 ml) were added to the initial reagents. The reaction temperature of 40 ° C, pressure - atmospheric.
The reaction duration 240 minutes for cyclohexane and 360 min for n-octane.

Analysis of the reaction products was performed on a chromatograph Khromos GC-1000
(“Khromos”, Russia) with a flame ionization detector in isothermal mode, using a capillary column BP21
(FFAP) with a polar phase (PEG modified nitroterephthalate) of length 50 m and internal diameter 0.32
mm. The column was maintained temperature of 40°C, the temperature in the evaporation chamber was
200°C, the support gas was the helium, the volume of injected sample 0.2 mkl.

Results and discussion

10% bimetallic PGMG-modified Mn-Cr and Fe-Cr systems supported on montmorillonite (MMT)
were synthesized.

The fullness of the deposition of the active phase on PHMG-modified support were recorded on a
spectrophotometer SF-2000 at a calibration curve. It was shown the formation of the catalytic systems
with the content of the active phase of ~ 10%.

Liquid-phase oxidation of cyclohexane and n-octane with hydrogen peroxide includes two parallel
competing reactions — catalytic oxidation of activated hydrocarbons with oxygen with the formation of the
desired products and the stoichiometric decomposition of H,O; into water and inactive molecular oxygen
which leaves the system in the form of gas.

The data of chromatographic analysis showed the formation in the case of cyclohexane —
cyclohexanone and cyclohexanol, in the case of n-octane — ketones and alcohols.

The first stage the process of decomposition of hydrogen peroxide on the developed catalysts was
carried out (figures 1 and 2).

It should be noted that the amount of oxygen released in the process of oxidation of cyclohexane on
PHMG-modified catalysts is lower than in the decomposition of H,O, (figures 1 and 2). This fact implics
a process of oxidation of cyclohexane at atmospheric pressure on the developed catalysts.

When comparing the influence of the solvent response to the output products of the oxidation
reaction it has been shown that the application of acetone as solvent increases the conversion of
cyclohexane and n-octane more than 2 times. That is associated with the presence of acetic acid, acting as
promoter of the reaction when carrying out the oxidation of acetone.

From the literature it is known that the presence in the solvent of acetic acid (which was discovered
during studies of the oxidation process) contributes to the suppression of the competitive reaction of
recombination of atomic oxygen in molecular, at the cost by increasing the rate of formation of oxidation
products of cyclohexane.

The oxidation of cyclohexane optimal values of conversion obtained for 10% Fe-Cr(1:1)-PHMG-
MMT catalyst and is 51.4%. The selectivity of the process by ketone ranges is 63,8%-88,6%.
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Conditions of the experiments: HyO, = 0.9 ml, Acetonitrile - 5 ml, my,, = 0.03 g, CsH;, — 0.3 ml, T=40°C, P= 1 atm, 240 min.

Figure 1 - Number of released oxygen during the decomposition of hydrogen peroxide and in the oxidation of cyclohexane on
synthesized catalysts in acetonitrile: 1 — 10% Fe-Cr(1:1)-PHMG/MMT; 2 — 10% Mn-Cr(1:1)-PHMG/MMT

1 2

Conditions of the experiments: H,O, = 0.9 ml, Acetone - 5 ml, my, = 0.03 g, CsH;, — 0.3 ml, T=40°C, P= 1 atm, 240 min.

Figure 2 - Number of released oxygen during the decomposition of hydrogen peroxide and in the oxidation of cyclohexane on
synthesized catalysts in acetone:
1 —10% Fe-Cr(1:1)-PHMG/MMT; 2 — 10% Mn-Cr(1:1)-PHMG/MMT

In the case of n-octane, has a smaller reactivity, were obtained lower values of conversion. The
degree of conversion of hydrocarbons in aqueous-acetone medium is higher than in a solution of
acetonitrile and reaches of 48.7% for 10% Mn-Cr(1:1)-PHMG-MMT.

Table 1 — Liquid-phase oxidation of cyclohexane on 10% synthesized bimetallic catalysts

The reaction products, %
The catalysts CON. % COL, % The conversion, % S %
Water-acetonitrile medium

Mn-Cr-PHMG-MMT 10,5 37 142 Scon-73.9
Scor =26,1
Scon—03.8

Fe-Cr-PHMG-MMT 252 14,3 395
Scor —36,2

Water-acetone medium

Mn-Cr-PHMG-MMT 26,5 34 29.9 Scon—83,6
Scon —11,4
Scon—74.5

Fe-Cr-PHMG-MMT 38,3 13,1 514
ScoL 25,5
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It should be noted that the values for the conversion of n-octane on both catalysts have similar values.
For the 10% Mn-Cr(1:1)-phmg-MMT catalyst — 48,7%, for 10% Fe-Cr(1:1)-phmg-MMT - 43,0%.

Table 2 - Liquid — phase oxidation of n-octane on the 10% synthesized bimetallic catalysts

0,
The catalysts 5 kegﬁgfym?l ped 3 afccf;lols The conversion, % S, %
acetonitriletwater

SZketones '88:3

1Mn-Cr-III'MI-MMT 23,3 3,1 26,4
SZketones -71 :7

Fe-Cr-IITMI'-MMT 27.3 10,8 38,1

acetone +water

SZ alcohols ~ 73:5

Mn-Cr-IIT'MI'-MMT 12,9 358 487
SZ alcohols ~ 64:1

Fe-Cr-IITMI'-MMT 154 27,6 43,0

The results obtained by the oxidation of cyclohexane and n-octane showed that the use of a mixture
of acetone with water leads to increased conversion of substrates to oxygen-containing compounds. In the
presence of the solvent the activity of PHMG-modified bimetallic catalysts increases.

Thus, a mixture of acetone with water is a promising solvent for the implementation of the oxidation
of cyclohexane and n-octane with hydrogen peroxide under mild conditions, in the presence of which can
be achieved with high values of conversion of the substrate.

Conclusions

Thus, supported on montmorillonite PHMG-modified catalysts of iron, chromium and manganese
were synthesized with a content of active phase in the amount of 10%. The catalytic properties of PHMG-
modified catalysts in the decomposition reactions of hydrogen peroxide and liquid-phase oxidation of
cyclohexane and n-octane at 40°C and atmospheric pressure were studied.

It is shown that the developed catalytic systems are promising for the production of oxygenated
compounds (alcohols and ketones).

By varying the nature of the solvent (acetonitril+water and acetone+water) improving the conversion
of hydrocarbons and selectivity of the process was achieved. When used as solvent of water-acetone
mixture, the highest conversion (51,4%) was obtained in the presence of PHMG-stabilized iron-chromium
catalyst supported on montmorillonite. The degree of conversion of n-octane - 48.7%.

The work was performed under the research grant "Development of processes of gaz and
petrochemistry products production based on oxidation reactions” (0330/GF4).
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O0XK: 542.943.7:546.215
'A.K. KapmaramGerosa, 'A.C. Ayesxanosa, 'C.H. Axmerosa, ‘T . H. :kapnvaimena

1,I[.B. Coxombckuii aTeIHaarsl JKaHapMali, KaTanu3 JKOHE 3ACKTpoxuMust HHCTHTYTHL, AK, AmMars K., Kazakcras;
“Peceif FHUTBIM aKaICMHACHIHBIH X AMHUAIBIK (DH3HKA MOceeepi mECTHTYTHI, UepHOTOnOBKa, Pecei

KYMCAK KAFJANJA DUKJIOTEKCAH MEH H-OKTAH/IbI KETOHIAP MEH
CIIUPTTEPTE JIEWUIH TOTBIKTLIPY

Annotamust. XKyMcak »Kargaiiia CyTeK acKbIH TOTBHIFBIMCH IHKIOTEKCAH MEH H-OKTAHIBI CYHBIK-(hazaibik
TOTBIKTBIPY YPAICI YINIH KypambIHZA Temip, xpom, maprawen, I[II'MI" 6ap Taran keH OpHBIHAH AJBIHFAH MOHT-
MOpHILIOHUTKA (MMT) OCKITITEH KaTAMH3aTOPIap CHHTS3ACITCH. TaChIMAIIAFbIITHIH OCTTIK Ka0aThl Cyaa CPHUTIH
momMep moymrekcamermwineHryanuaneH (IITMIDD) mommpurmmpacHreH. Karammsaropiaapapl JadbIHIAY OmiCTeMECi
KAJNIBIHA KEATIPY MEH KbI3ABIPY CATHUIAPBHIHBIH OOIMAWTHIHABIFBIH KepceTTi. CHeKTpooTOMETp MAIiMETTEpI
TaCHIMAJIIAFHIIINICH MOIU(HIHPICHTCH TOTAMEPAIH OCTTiK KabaTbHa OenceHal (Pa3aHbIH OCKITIITCHAITIH PacTaIbL.

AnnpiH-ama JadbIHAATFAH OCKITUITEH MOIMMEP-METANABI KOMITICKCTEPre CYTEK ACKBIH TOTHIFBIHBIH BIABIPAY
yYpaici skysere aceipspiagsl. CHHTC3OCITCH KAaTamu3aTopiap kyMmcak skarmaiina H,O, bImeipay peakmmACHIHAA
OenceHninmik kepcerTi. L{uKIoTekcaH MEH H-OKTAHBI CYTEK ACKbIH TOTHIFBIMCH CYHBIK-(a3aibIK TOTHIKTHIpY 40°C
TeMIeparypa MeH atMmoc(epanbik KpichiMaa skypriziaai. Jadiempamran IT'MI-momuduumpieHrer OnomeTamibl
KaTamm3aroprapia KeMIPCYTEKTEpIH TOTHIKTHIPY OOWBIHINA ANBIHFAH MOINIMETTCPIH Tamaay KeMIPCITEKTEPIiH
altHanmy AcHrewHiHiH skorapbl MoHI 10% Fe-Cr (1:1)-TIT'MI'-MMT karamm3atopbiHAA OaiKAIATHIHIBIFE KOPCCTLTAI.

EpiTkimn TabuFaTeH (ANCTOHATPUIHCY MCH AIICTOHTCY) O3TCPTY KE3IHAC KOMIPCYTCKTCPAIH KOHBEPCHACH MCH
YPAIC CENEKTHBTLIITI KOFApBITaabl. EPITKINI PeTiHAe CyIBI-aleTOH KOCIACHIH MaiAaIaHy Ke31HAC IUKIOTCKCAHHBIH
rousepemiacsl 10% Fe-Cr(1:1)-IITMI'-MMT katanu3aTopbslHIA MakKCHMAnIbl MoOHre me Oonasl xkoHe 51,4%
Kypaiasl. H-OxraH afiHany peHrehi — 48,7% KypaiimsL.

Tipex ceznep: momuMep-MOAU(HIUPICHICH KATAIN3aTOPIApP, CYTEK aCKbIH TOTBHIFBL, TOTBIFY, IHKJIOTCKCAH,
MOHTMOPHJIJIOHHT.
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OKUCJEHUE HUK/IOI'EKCAHA 1 H-OKTAHA
A0 KETOHOB 1 CITUPTOB B MAT'KUX YCJIOBUSAX

Annortamusi. Cuareszuposans! [1I'MI -comepKamue KaTarn3aTopsl JKeIe3a, XpoMa W MApraHia, HAHECCHHBIC HA
MOHTMOPWIIOHUT Taranckoro Mecroposkacaus (MMT), i mpomecca »kuako(a3HOTO OKHCICHHA MHKJIOTCKCAHA H
H-OKTAaHA IEPOKCHIOM BOJOPOAA B MSTKUX YCIOBHIX. [10BEpXHOCTH HOCHTENS MOAH(DHULMPOBATH BOAOPACTBOPH-
MBIM HOJHUMEPOM — ToJurekcamerwiacHryanuamHoM (II'MIN). Meroauka NPHTOTOBICHHA —KATAIH3aTOPOB
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HCKITFOYACT CTAAWH BOCCTAHOBJICHHS M IPOKAIMBAaHMA. JIaHHBIC CHEKTPO(OTOMETPHH MOATBEPIIIIN 3aKPEIUICHHC
aKTHBHOM (Da3bI HA MOBEPXHOCTH MOJAU(PHIUPOBAHHOTO MOIMMEPOM HOCHTEIIS.

[TpenBapuTeIbHO OCYIECTBIBIICS MPOLIECC PA3IOKEHHUS IIEPOKCHIA BOAOPOIA HA Pa3padOTAHHBIX HAHECEHHBIX
MOJMMEP-METAJUTMYECKUX  KOMILICKCaX. CHHTE3HPOBAHHBIC KATAJMHM3aTOPHI IPOSIBHIM AKTHBHOCTH B PCAKIUH
paznoxennst H,O, B Markux ycnosusx. JKuako(ha3zHoe OKHCICHHUE IIMKIOTEKCAaHA U H-OKTaHA IIEPOKCHIOM BOAOPOIA
nposoaway npu Ttemmeparype peakumu 40°C m atMocepHOM JaBICHHHM. AHAIW3 JAHHBIX II0 OKHCJICHHIO
yIIeBoxopoaoB Ha pazpaboraHubix [T MI-Momu(HUIIMPOBAaHHEIX OMMETAIUIMYECKUX KAaTAIM3aTOPax IMOKA3al, |To
HAMOOJIbIIAs CTENCHb MPEBPALICHHA YTIIIEBOA0Po10B Habmomaetcst Ha 10%Fe-Cr(1:1)-ITTMI'-MMT karamu3zarope.

[Ipu BapbHpOBAaHWH TPUPOIBI PACTBOPHUTEII (AUETOHTHPWITBOJA W AIECTOH+TBOJA) OBLIO JOCTHTHYTO
TIOBBIMICHAEC KOHBEPCHH YTJICBOJOPOJIOB M CEICKTHBHOCTH Tpoliecca. [Ipu MCHONb30BaHHHN B KAa4ECTBE PACTBOPH-
TEJIA BOTHO-AIICTOHOBOH CMECH KOHBEPCHS LHKIOTCKCaHa B mukjiaorekcanonx (LIOJI) u muknorekcanon (LIOH) na
10%Fe-Cr(1:1)-IITMI'-MMT mocTHracT MakCHMATBHOTO 3HAYCHUS U COCTAaBIICT 51,4%. CTencHb mpeBpanicHUs H-
okraua - 48,7%.

KimoueBpie cj0Ba: moamMep-MOTU(DHIMPOBAHHBIC KATANIHM3aTOPhL, TEPOKCHA BOAOPOJA, OKHCICHHE,
IUKJIOTEKCAH, MOHTMOPHILIOHUT.
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