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Abstract: Kinetic regularities of the oxidative dehydrogenation reaction of methylcyclohexane on the CoCr-
clinoptilolite catalyst were investigated. Absence of internal and external diffusion inhibition was
established, the reaction proceeds in the kinetic area, in which all diffusion stages proceed much faster than
all chemical stages that make up the mechanism of this reaction. The influence of partial pressures of
reagents, the reaction temperature and the space velocity of the reaction mixture on the course of the
reaction was studied and optimal conditions for obtaining the intentional reaction product determined.
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Introduction

The kinetic modeling of experimental
data and the development of a model equation
can be applied in the design of a chemical
reactor. Knowledge of the reaction mechanism
in describing what actually happens during a
chemical reaction makes it possible to perform
the safe extrapolation and optimization of
reaction variables and thus assist in better
development and design of a new catalyst and
catalyst system [1].

The mechanism of formation of diene
hydrocarbons in terms of heterogeneous
oxidative dehydrogenation of naphthenic
hydrocarbons has for long been a subject of

discussion [2-5].

There are many schools of thought and
disagreements in the literature regarding the
Kinetic  mechanism of the  oxidative
dehydrogenation of naphthenic hydrocarbons to
the  corresponding  diene  hydrocarbons.
Therefore, the detailed and rigorous Kinetic
analysis of extensive experimental datais
necessitated.

The article depicts the outcomes of
studying the kinetic regularities of the oxidative
dehydrogenation of methyl-cyclohexane in
order to clarify the possible mechanism of the
reaction.

Experimental part

The results of the experimental investigation
over selection of an active catalyst for the
oxidative dehydrogenation of methyl
cyclohexane showed that a metal zeolite catalyst
synthesized on the basis of natural zeolite
clinoptilolite by ion exchange and containing
cations (Cao, + —0.5%; Cry + — 0.25%4)

exhibits the highest activity in reactions of
oxidative dehydrogenation of
methylcyclohexane to methylcyclohexadiene -
1,3. On this basis, the Kinetic regularities of the
course of the reaction were studied with the
participation of this catalyst [6].
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Table 1. Influence of catalyst particle sizes and linear velocity of the initial reaction mixture in the
course of the reaction at a molar ratio of C7H14: O2: N, = 1: 1: 5.3, V, = 1.026 ht, T =3800C

Ne | Catalyst particle size, mm | Linear velocity of the Methylcyclohexadiene-1,3
reaction mixture, m/h yield, %
1 0.23-0.40 73.56 15.7
2 0.23-0.40 35.72 15.8
3 0.23-0.40 24.46 16.1
4 0.23-0.40 18.34 15.7
5 0.40-0.63 73.56 15.9
6 0.40-0.63 35.72 15.7
7 0.40-0.63 24.46 15.8
8 0.40-0.63 18.34 16.1
9 0.63-1.25 73.56 15.8
10 0.63-1.25 35.72 15.7
11 0.63-1.25 24.46 15.6
12 0.63-1.25 18.34 15.9
13 1.25-1.75 73.56 15.8
14 1.25-1.75 35.72 16.1
15 1.25-1.75 24.46 15.8
16 1.25-1.75 18.34 15.9
17 1.75-2.00 73.56 15.7
18 1.75-2.00 35.72 15.6
19 1.75-2.00 24.46 15.8
20 1.75-2.00 18.34 15.9
Preceding to studying the kinetic laws of in temperature range 320-380

the reaction, the region of occurrence was
determined. For this purpose, a series of
experiments was carried out with various sizes
of catalyst grains: 0.25-0.40 mm, 0.40-0.63 mm,
0.63-1.25 mm, 1.25-1.60 mm, 1.60-2.00 mm
and various linear velocities of the initial
reaction mixture. The linear velocity varied by
changing the volume of the catalyst at equal
volumetric velocities [Table 1]. As follows from
data in Table 1, a change in the size and linear
velocity of the initial reaction mixture does not
have a significant effect on the main parameters
of the process; therefore, there are no internal
and external diffusion inhibitions, i.e. the
reaction proceeds in the kinetic region, in which
all diffusion stages proceed much faster than all
the chemical stages constituting the mechanism
of this reaction. Kinetic experiments were
carried out on a flow-through laboratory setup

volumetric velocities 500-3000 h-1, partial
pressures of reagents Pc7mig = 0.04-0.14 atm;
Poo = 0.07-0.25 atm. The results of
experimental studies of the kinetic laws in the
process of  oxidative  conversion  of
methylcyclohexane are presented in Table 2-4.
The reaction produces methylcyclohexene (Aj),
methylcyclohexadiene (A;), toluene (As), and
carbon dioxide (Ay4). As you can see from Table
2, an increase in Pg, from 0.04 to 0.14 atm leads
to an increase in the yield of
methicyclohexadiene-1,3 which is explained as
being due to an increase in the concentration of
surface oxygen, and with a further increase in
Poz to 0.2 atm. decreases slightly. In the entire

studied range, the conversion of
methylcyclohexane  (X) is  continuously
increasing.
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Table 2. Influence of oxygen partial pressure on oxidative dehydrogenation of methylcyclohexane
on CoCr-clinoptilolite catalyst Vo = 2500 h™%; Ve7nia = 0.69 I/h; = 0.02255mol / h; = 0.11 atm.;

Gcat:1-789
TC| ndy, ng, ng, Pectizcry | Po, | Py, | X% | AL| Ax | As | A
0.02255 | 0.00858 | 0.16768 | 0.11 | 0.04|0.84|425|15| 06 | 2.1 |0.05
3o | 0:02255[0.0179910.15828 [ 011 [0.09[0.79[ 9.2 [19] 28 [42 |03
0.02255 | 0.02822 | 0.14805| 0.11 |0.14]075|10.7 22| 31| 46 | 0.8
0.02255 | 0.03926 | 0.13701 | 0.11 [020]069|139|20| 29 | 6.8 | 2.2
0.02255 | 0.00858 | 0.16768 | 0.11 |0.04|0.84|11.4 (32| 26 | 3.8 | 1.8
g4 | 0:02255[0.01799 | 0.15828 [ 011 [0.09[0.79[19.4[309] 6.2 [ 68 | 25
0.02255 | 0.02822 | 0.14805| 0.11 [0.14|075|21.2 (44| 65 | 7.0 | 3.3
0.02255 | 0.03926 | 0.13701 | 0.11 |020]0.69|242|37|59 | 95 | 5.1
0.02255 | 0.00858 | 0.16768 | 0.11 |0.04|0.84|23.7|58| 6.6 | 6.4 | 4.9
360 |0:02255|0.01799 [0.15828 | 0.11 [0.09]0.79[31.1/6.2/10.5] 86 | 58
0.02255 | 0.02822 | 0.14805| 0.11 [0.14]075|33.8|6.7|11.1] 93 | 6.7
0.02255 | 0.03926 | 0.13701 | 0.11 |0.20|0.69|38.3|6.4|10.7|12.3| 89
0.02255 | 0.00858 | 0.16768 | 0.11 | 0.04|0.84|36.3|6.9|105|10.1| 8.8
390 | 0:02255[0.01799|0.15828 [ 011 [0.09[0.79[44.8 [7.1[158[11.6|10.3
0.02255 | 0.02822 | 0.14805 | 0.11 |0.14|0.75|466|7.2|157] 122115
0.02255 | 0.03926 | 0.13701 | 0.11 [020]0.69 49970144158 12.7
0.02255 | 0.00858 | 0.16768 | 0.11 | 0.04|0.84|38.7|6.3| 9.2 [13.0]10.2
400 | 0:02255[0.01799|0.15828 [ 0.1 [0.09[0.79[47.2[6.5[135[14.9 123
0.02255 | 0.02822 | 0.14805 | 0.11 [0.14]075|499 72144156127
0.02255 | 0.03926 | 0.13701 | 0.11 |0.20|/0.69|55.1|6.5|14.0|18.8]|15.8

Table 3 shows that in the studied
temperature range at a volumetric velocity of
2000 h, constant P, (0.14 atm.) And Perpa
variation from 0.06 to 0.25 atm., the dependence
of the yield of methylcyclohexadiene-1,3 has an
extreme feature and passes through a maximum.
The maximum output is achieved when Pcgnio =
0.11 atm. Further increase in Pc7y14 to 0.25 atm.
leads to a decrease in the vyield of

methylcyclohexadiene-1,3 and conversion of
methylcyclohexane. The decrease in the
conversion of methylcyclohexane is explained
as being due to the fact that at a given partial
pressure of oxygen, the relatively high partial
pressures of methylcyclohexane prevent the
coordination of oxygen with active sites of the
metal zeolite catalyst.

Table 3. Effect of the partial pressure of methylcyclohexane on the oxidative dehydrogenation of
methylcyclohexane on the CoCr-clinoptilolite catalyst Vo = 2000 h; Vo, = 0.69 1/ h; = 0.02822
mol / hour; =0.14 atm ; Gt = 1.78 ¢

T’O nO 0 0 PC7H14 0
C CrHg I']O2 r]N2 P02 PN2 X% | Ay A, Az As
0.01143 | 0.02822 | 0.16196 | 0.06 | 0.14 | 080|114 |08 | 19 | 75 | 1.2
320 0.02255 | 0.02822 | 0.14805 | 0.11 | 0.14 | 0.75|10.7| 22| 3.1 | 46 | 0.8
0.03382 | 0.02822 | 0.13395 | 0.17 | 0.14 {068 | 99 |34 | 29 | 3.1 | 05
0.04509 | 0.02822 | 0.11983 | 0.25 | 0.14 | 061 | 85 |41 | 20 | 22 | 0.2
0.01143 | 0.02822 | 0.16196 | 0.06 | 0.14 | 080|226 | 3.6 | 52 | 93 | 45
340 | 0.02255 | 0.02822 | 0.14805 | 0.11 | 0.14 | 0.75 (212 |44 | 65 | 70 | 3.3
0.03382 | 0.02822 | 0.13395 | 0.17 | 0.14 | 068 | 184 |52 | 6.0 | 54 | 1.8
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0.04500 | 0.02822 10.11983 | 0.25 | 014 | 061|154 6.0 | 39 | 45 | 1.0
0.01143 | 002822 | 0.16196 | 0.06 | 0.14 | 0.80 | 35.1 | 6.2 | 9.8 | 115| 7.6

260 | 002255 | 002822 | 014805 | 041 | 0.14 | 0.75 | 338 6.7 | 1L1| 9.3 | 67
0.03382 | 0.02822 | 0.13395 | 017 | 0.14 | 0.68 | 30.8 | 8.0 | 10.8 | 7.8 | 4.2
0.04509 | 0.02822 | 0.11983 | 0.25 | 0.14 | 0.61 | 274 | 87| 85 | 6.9 | 3.3
0.01143 | 0.02822 | 0.16196 | 0.06 | 0.14 | 0.80 | 48.4 | 7.4 | 13.9 | 15.0 lf'

380 | 0.02255 | 0.02822 | 0.14805 | 0.11 | 0.14 | 0.75 | 46.6 | 7.2 | 15.7 | 12.2 1;
0.03382 | 0.02822 | 0.13395 | 0.17 | 0.14 | 0.68 | 432 | 91 | 155 | 103 | 8.2
0.04509 | 0.02822 | 0.11983 | 0.25 | 0.14 | 0.61 | 39.1 | 9.9 | 12.8 | 102 | 6.2
0.01143 | 0.02822 | 0.16196 | 0.06 | 0.14 | 0.80 | 51.1 | 6.9 | 11.0 | 19.1 1f'

soo | 002255 | 0.02822 | 014805 | 011 | 014 | 075 |49.9 |72 | 144 | 156 172'
0.03382 | 0.02822 | 0.13395 | 017 | 0.14 | 068 | 47.1 | 85 | 14.2 | 14.2 12'
0.04509 | 0.02822 | 0.11983 | 0.25 | 0.14 | 0.61 | 405 | 9.2 | 101 | 133 | 7.9

It follows from results above that optimal
partial pressures of the reagents at which the
highest yield of methylcyclohexadiene-1,3 is
achieved are: Pc7n14 = 0.11 atm. and Po, = 0.14
atm. The effect of temperature and space
velocity in the course of the reaction was

studied at optimal Pc7q14 and Poy; the results of
these studies are presented in Table 4. From
Table 4 it follows that as temperature rises from
320°C  to  400°C, the yield of
methylcyclohexadiene-1,3 grows continuously.

Table 4. Influence of temperature and space velocity on the process of oxidative
dehydrogenation of cyclohexane on a CeCr - clinoptilolite catalyst at a molar ratio of C¢Hy2: O2: N3

=1.00: 1.00: 5.3; Gear = 1.78 0; Vear = 2 cm®

Ne | Ny ch, ne, ne, Vih* | TC | X% | A | A, | As Ay
1 320 | 16.45 [0.05]| 0.6 | 11.9 3.9
2 340 | 2659 [0.09] 1.9 | 16.8 7.8
3 | 0.00902 | 0.01129 | 0.05922 | 1000 | 360 | 352 | 1.1 | 3.4 | 209 9.8
4 380 | 472 | 15| 50 | 238 | 169
5 400 | 517 | 1.3 | 48 [ 259 | 197
6 320 | 129 [ 09 | 15 | 87 1.8
7 340 | 231 | 19| 36 | 127 4.9
8 | 0.01804 | 0.022576 | 0.14806 | 2000 | 360 | 349 | 37 | 57 | 17.2 8.3
9 380 | 462 | 46 | 82 | 203 | 131
10 400 | 50.8 | 42 | 78 | 235 | 153
11 320 | 107 | 22 | 31 | 46 0.8
12 340 | 212 [ 44| 65 | 7.0 3.3
13 | 0.02255 | 0.028226 | 0.14806 | 2500 | 360 | 338 | 6.7 | 11.1 | 9.3 6.7
14 380 | 466 | 7.2 | 157 | 122 | 115
15 400 | 499 | 7.2 | 144 | 156 | 127
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16 320 | 103 | 5.2 | 3.2 1.6 0.3

17 340 | 199 | 69 | 6.9 3.7 2.4

18 | 0.02706 | 0.03386 | 0.77661 | 3000 360 | 31.7 |10.1| 113 | 6.1 4.2

19 380 | 43.7 |12.0| 159 | 96 6.2

20 400 | 471 (112 | 143 | 128 8.8
With an upsurge in the space velocity contact time prevents the preoxidative

from 1000 to 3000 "', the conversion of
methylcyclohexane decreases due to a decrease
in the contact time (Fig. 1). A decrease in the

4, X %
60 |

50 | — ]

40 r

30 r

i /
10 | 3

0 1 2 3 4 5 6 7 8

If we assume that this reaction proceeds
according to a sequential mechanism with the
formation of toluene, respectively, then for the
reaction of oxidative dehydrogenation of
methylcyclohexane - methylcyclohexene and
methylcyclohexadiene-1,3 these are
intermediate products Fig. 1. It can be seen that
the nature of curves of the dependences of the
yields of intermediate and final products on the

dehydrogenation of these products into toluene
and deep oxidation to CO,.

Fig. 1. Dependences of the conversion (X) of
methylcyclohexane (1) and the yields (A) of the
reaction products of methylcyclohexene (2),
methylcyclohexadiene (3), and toluene (4) on the
conditional contact time at a molar ratio of C¢Hy,:
0, N;=1:1:53and T = 380°C

4
0 A A . . | T, Hac

conditional contact time does not correspond to
the sequential mechanism of the reaction. Thus,
on the basis of the experimental data obtained, it
can be concluded that on the surface of the
catalysts there are different active centers
consisting of their components, which are
responsible for the formation of reaction
products, which is consistent with [7].
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MODIFIKASIYA OLUNMUS SEOLITLOR UZORINDO METILTSIKLOHEKSANIN
OKSIDLOSDIRICI DEHIDROGENLOSMO REAKSI I.’ASINI{V KINETIK
QANUNAUYGUNLUQLARININ OYRONILMOST

O.1. Karimov
AMEA-nmin akad. M.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu
AZ 1143, Baki, H.Cavid pr., 113, e-mail: kerimov.alibala@mail.ru
Metilsikloheksanin ~ CoCr-klinoptilolit  katalizatoru iizarinda oksidlasdirici  dehidrogenlosmo
reaksiyasimin  kinetic — qanunauygunluglart  arasdirimisdir.  Daxili  va  xarici  diffuziya

tormozlanman:n olmamas: tasbit edildi, yani reaksiya kinetic bolgado davam edir, burada biitin
diffuziya marhalalori bu reaksiyan:n mexanizmini tagkil edan biitiin kimyavi marhalalara nisbatan
daha siiratli gedir. Reagentlarin parsial tazyiglarinin, reaksiya temperaturu va reaksiya garzsiginin
hacmi siiratinin reaksiya gedisina tosiri oyranilmisdir. Magsadli reaksiya mahsulunu almagq dgzin
optimal sartlor miayyan edilmigdir.

Acar sozlar: metiltsikloheksan ,metiltsikloheksadien, oksidlasdirici dehidrogenlasma, klinoptilolit,
naften karbohidrogenlori.

HCCIEOBAHHE KHHETHYECKHUX 3AKOHOMEPHOCTEH ITIPOTEKAHHA
PEAKIIUH OKHC/TUTEJIBHOI' O JETH/IPUPOBAHUA METH/TIIHK/IOTEKCAHA HA
MOJHDPHIIHPOBAHHBIX HEO/TUTAX

A.U. Kepumos
Unemumym kamanuza u Heopearnuueckot xumuu um. akao. M.Haeuesa

Hayuonanvnoti AH Asepbatioocana
AZ 1143 Baxy, np.I" [{ncasuoa, 113, e-mail: kerimov.alibala@mail.ru

Hccnedosanvl  kumemuueckue  3aKOHOMEPHOCMU — NPOMEKAHUS — PeaKyuu  OKUCTUMENbHO20
oecudpuposanus memuayukiocekcana Ha xkamaauzamope COCr-xiunonmunonum. Ycmarnosneno
omcymcmeue eHympenHe- U HeulHe-0UpPY3UOHHO20 MOPMONCEHUS, M.e. peaKyus npomexkaem 8
KUHemu4eckou obaacmu, 6 KOmMopou 6ce Oug@y3uonHvie 23manvi NPOMeEKAom 3HAYUMENTbHO
Ovicmpee 6cex XUMUYECKUX CMaoutl, COCMAGIAIOWUX MexXaHusm 2mou peaxyuu. H3yueno enusanue
NapyuanbHelX 0ANeHUl pedazeHmos, memMnepamypuvl peakyu U 06bEMHOU CKOPOCMU PeaKyuoHHOU
cmecu Ha npomekanue peakyuu. Onpeoenenvl ONMUMATbHBIE YCI08UA NOJAVYEHUS 1eNe020
NpOOYKmMa peakyuu.

Knrwouesvle cnosa: memunyuxio2ekcan, Memuiyukio2ekcaoueH, OKUCIumenbHoe 0ecuopuposanie,
KAUHONMULOUM, HAQMEHO8ble Y2l1e8000PO0bL.
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