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THE KINETIC MODEL OF THE REACTION OF OXIDATIVE DEHYDROGENATION
OF CYCLOHEXANOL OVER MODIFIED ZEOLITE CATALYST

A.M. Aliyev, Z.A. Shabanova, M.K. Aliyeva, G.A. Alizadeh

Acad. M.F.Nagiyevinstitute of Catalysis and Inorganic Chemistry
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Based on experimental data, a probable-stage scheme of the mechanism of oxidative
dehydrogenation of cyclohexanol reaction over modified zeolite catalyst suggested. Also,
theoretically based kinetic model of the process has been developed and numerical values of the

constants of a kinetic model calculated.
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INTRODUCTION

It should be noted that cyclohexanone is
used in the organic synthesis as intermediate in
obtaining caprolactam which is manufactured
from polymer polyamide fiber, and as a solvent
for many substances. One of the major
industrial methods for preparing cyclohexanone
is the oxidation of cyclohexane by atmospheric
oxygen under elevated pressure in the presence
of substantially homogeneous catalysts,
specifically soluble cobalt salts [1-2]. All of

these catalysts show high activity and
selectivity at relatively higher temperatures.
We have lately revealed that natural
clinoptilolite modified with cations; Cu®,
Zn**, Co®" and Cr*" by ion-exchange is the
active catalyst for the reaction of oxidative
dehydrogenation  of  cyclohexanol into
cyclohexanone.

The purpose of the work is to analyze the
kinetics and mechanism of the reaction.

EXPERIMENTAL PART

Results of the experimental analysisto
select a catalyst for thereaction of oxidative
dehydrogenation of cyclohexanol have shown
that the most effective catalysts for this reaction
is Cu,Pd,Sn-clinoptilolite (0.5% Cu®, 0.15%
Pd**, 0.5% Sn?*) [3].

The Kkinetics of the reaction was
examined in the following conditions:
temperature - 260-370°C; space velocity of the

k
0, +2Z —15220
k
2

K3

1

reaction mixture (V) - 1036-3109 h™; partial
pressure (Pacono) - 0.06-0.24 atm. and (Poy) -
0.05-0.24 atm.

Proceeding from the analysis of literary
materials [3-5] and experimental data, a
mechanism of cyclohexanone formation has
been suggested. A simplified diagram of the
stage mechanism is as follows:
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All  these stages are practically
irreversible. Assuming their simplicity, we find
the following expressions for the rates of
stages:

r=kiP16:*; r:=2k:P26;r3=2k36 (1)

6, 6, 6 vacancy sections of the
modified zeolite coated with atomic oxygen;
cyclohexanol molecules and  surface
intermediate with ki, K, ks- rate constants
corresponding index stages; ri, r», rs-rate index

corresponding stages; P; and P,- partial
pressure oxygen and alcohol.

In steady-state conditions:

r4=r1=ry=rs (2)

where, rs-general rate of cyclohexanone
formation.

Based on these equations and constancy
of total surface areas and formations 4l overall
reaction rate as a function of concentration of

reactants is as follows:

6+6+0=1 (3)
KiP4 9% =2Kk;P,0;0,=(k1P1)/(2k,P,)

k1P, 912=2k393; 05=[(k1P1)/2Kk3]6,

From the equations (1):

o~ kP g2 kP2
277k,p, %372 %

By substituting expression 6,, 6s, in the equation (3) we get:

k1P1 +k1P1
2k.P, 2k,

Jef +6:-1=0 4)

Solving the equation (4), we obtain the following expression for 6;:

1“{ kP klpl] 1
0 - 2k.P, 2k,

1= ( kiP. klplj
2 +

2k:P, 2k,

Therefore, the
kP, kiP, ‘

\1+4(2kzpl+2kgj_1 (5)

rn=kiP

- kiP:  kiP»
2| +
2k:P 2Kk

rate of cyclohexanone

equation

can be represented as follows:

Note that 2-cyclohexen-1-one is produced through the reaction of adsorbed molecules of
cyclohexanone with dissociatively adsorbed oxygen molecules. Kinetic equation corresponding

to this mechanism

r ] dA ke K2Ps - KPs
2-CeHgO-1-on — 15 = =
d( G (14 KiP: +AKzP; + KsPs + KaPy + KsPs + KoPs + Ko Py + KioPs |
ngeHnOH

Total rate of cyclohexanone formation is as follows:

dA

lCeHi o =———< =TI —1I5 (6)
Gk
d( 0
nC6H11OH
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Note that cyclohexene is formed by dehydration adsorbed cyclohexanole molecules. This
mechanism corresponds to the kinetic equation:
ksK1iPy

le =
1+ KiP + v K2P2 + K3sPs + KsPs + KsPs + KePs + Ko P + Ko P2

Methylcyclopentene is formed by isomerization of adsorbed cyclohexene molecules. Kinetic
equation corresponding to this mechanism is as follows:
ke KsPs

=
1+ KiP +VK2P: + K3sPs + KaPs + KsPs + Ko Ps + Kg Po + K1 P2

Note that CO, is formed by the interaction of adsorbed molecules of cyclohexene and oxygen.
This mechanism corresponds to the kinetic equation:
k7KwoP2 - Ps

g =
1+ KiPL+ VK2P: + K3Ps + KaPs + KsPs + KePs + Ky Po + Ko P2

where total rate of cyclohexene formation is as follows:
dAs (7)

—=—I7—1I3
Gk
d[ 0
nCGH11OH

Note that methylcyclopentene oxidation takes place through the reaction of adsorbed oxygen
and methylcyclopentene molecules:
keK1oP> - Ps

14 KiP +K2Py + KsPs + KaPy + KsPs + KsPs + Ky Po + KioP2

rC5H1o =

]

Total rate of the of methylcyclopentene formation
dA

d( OGk ]
nCeHnOH

Total rate of the formation of carbon dioxide is presented by the equation as follows:

=17 — 1o (8)

ICHiCsH7 =

d
fco, = W =13 +19(9)
d( OGk j
nCeHuOH
It should be noted that Aj, Ay, Az, Ay, The kinetic model of the reaction is

As generate cyclohexanone, 2-cyclohexen-1- subjected to statistical analysis in line with
one, cyclohexene, methylcyclopentene and kinetic data. Numerical values of Kinetic
carbon dioxide respectively. Equations (5) - model constants are presented in the Table.
(9) constitute the kinetic model of the process.

Table. Numerical values of kinetic model constants

Ink(InK?) E, (Q, ), kcal/mole
Ink; 749 E, 8.56
Ink; 0.68 E, 3.0
Inkg 59.29 E, 9.45
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Ink? 22.99 E, 16.73
InkS 34.43 E. 35.96
Ink? 2.73 E, 16.73
Ink? 33.44 E, 24.12
Inkg 8.86 Es 26.95
InK? -5.15 Q 1.00
InKJ? -9.70 Q, 8.99
InK? -7.93 Q, 9.00
InK; -0.16 Q, 8.72
InK¢ 14.9 Q. 1.01
InK? 3.027 Qs 2.49
InK? -0.59 Q7 1.50
InK? -1.75 Qs 1.56

Calculations have shown that the mean square error of the experiments does not exceed 2%.
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TSIKLOHEKSANOLUN MODIFIKASIYA OLUNMUS SEOLIT KATALIZATORLAR UZORINDO

OKSIDLOSDIRICI DEHIDROGENLOSMOSI REAKSIYASININ KINETIK MODELI
A.M. Oliyev, Z.A. Sabanova, M.Q.9liyeva, G.A.9li-zada

AMEA-min akad. M.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu
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Tacribi naticalar asasinda tsikloheksanolun oksidlasdirici dehidrogenlagmasi reaksiyaninin ehtimal olunan
getma mexanizmi verilmigdir. Prosesin nazari Cahatdan asaslandirilmis kinetic modeli iglonib hazirlanmis vo
kinetic modelin parametrlarinin adadi qiymatlori hesablanmusdir.
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KHUHETHYECKAA MOJEJIb PEAKITUH OKHC/IMTE/IBHOI' O IETH/IPUPOBAHUA
HUKIIOI'EKCAHOJIA HA MO/THOHITHPOBAHHBIX HEO/IHTHBIX KATA/TH3ATOPAX

A.M. Anues, 3.A. IHlabanosa, M.K. Anuesa, I.A. Anuzaoe
Hncmumym kamanuza u Heopeanuyeckou xumuu um. axao. M.Hazuesa

Hayuonanvnoii AH Azepoaiiosxcana
AZ 1143 Baxy, np.I" J{acasuoa, 113, e-mail: kgki@kgki.science.az

Ha ocnose sxcnepumenmanbHulx OaHHbIX ObLIA NPEONONHCEHA BEPOSIMHASL CXeMAa MeXaAHUu3ma
peaxkyuu  OKUCIUMeNbHo20 — Oecudpuposanus  yukiozekcanona. Paspabomana meopemuuecku
OCHOBAHHASL KUHEMUYeCKAdsl MOOeNb NPoYecca U paccuyumaHvl YUCIeHHble 3HAYEHUs. KOHCMAHM

KUHemu4ecKkou MooeJi.
Knroueswie cnosa: YUKII02EKCAHOIl, YUKII0OCEKCAHOH, OKUCIUMETIbHOE c)ezu()pupoeaﬁue, KUHemuka

Redaksiyaya daxil olub 22.06.2017.
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