
Coke formation in copper catalyst during cyclohexanol dehydrogenation: Kinetic
deactivation model and catalyst characterization

Ernesto Simón ⇑, Juana Maria Rosas, Aurora Santos, Arturo Romero
Departamento de Ingeniería Química, Facultad de Químicas, Universidad Complutense de Madrid, Ciudad Universitaria, 28040 Madrid, Spain

h i g h l i g h t s

" Copper–Zinc catalyst in cyclohexanol dehydrogenation is partially deactivated by coke.
" Catalyst reaches a residual activity that depends on gas mixture composition.
" Soft coke mainly composed of non-substituted cycling aromatics.
" Coke formation rate was higher if cyclohexanone rises and/or hydrogen decreases.
" Kinetic model of cyclohexanol deactivation considers the composition effect.
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a b s t r a c t

A deactivation study of a commercial copper zinc oxide catalyst (T-2130, Süd-Chemie) used in dehydro-
genation of cyclohexanol to cyclohexanone in the gas phase has been carried out. The experiments were
performed in a continuous fixed bed reactor (tubular stainless steel, inner diameter 0.85 cm, length
25 cm), at 290 �C and atmospheric pressure, at different times on stream (0–200 h) and space times
(W/FOLo ratios from 10.5 to 37.4 gcat h/mol). Pseudo steady state cyclohexanol conversions in the range
of 16–48% were reached. A constant residual coke of about 7 wt.% of the total weight of catalyst was
found at higher space time. The effect of gas composition (cyclohexanol, cyclohexanone and hydrogen)
in the feed on both cyclohexanol conversion decay and coke formation was studied. The coke content
increased as the cyclohexanone content in the reaction media did, meanwhile coke content was lower
when hydrogen concentration was increased. A residual activity of about 30% respect to initial activity
was achieved at high times on stream. This value depends on the gas mixture, being lower when cyclo-
hexanone concentration increases or hydrogen concentration decreases.

Several deactivation rate equations were tested as a function of the feed composition and the residual
activity. The corresponding kinetic parameters were estimated. The cyclohexanol conversion was pre-
dicted by coupling the reaction rate of the fresh catalyst with the deactivation rate here obtained. The
results confirm the great influence of cyclohexanone on both catalyst deactivation and residual activity.
In contrast, hydrogen prevents the coke formation.

Solid-state 13C CP-MAS NMR spectroscopy, thermogravimetrical analysis and X-ray photoelectron
spectroscopy were performed to analyze the nature of coke deposited on catalyst surface. The results
indicate that the nature of coke depends on the feed composition and time on stream.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Cyclohexanone is an important intermediate of the chemical
industry for the caprolactam and adipic acid manufacture, which
is used in producing polyamide fiber in nylon textiles [1,2]. Cyclo-
hexanone is also an important intermediate in the synthesis of
pharmaceuticals and fine chemicals. Cyclohexanone is mainly

produced by cyclohexane oxidation and further catalytic dehydro-
genation of cyclohexanol. From an industrial point of view, the het-
erogeneous catalytic gas-phase dehydrogenation, at atmospheric
pressure, is severely restricted by highly endothermic reaction
(DHr = 15 kcal/mol) and thermodynamic equilibrium.

Two different conditions for the catalytic dehydrogenation of
cyclohexanol can be considered depending on the reaction temper-
ature used: at low temperature, from 200 to 300 �C, where copper-
based catalysts are employed; and at high temperature, from 350
to 450 �C, where zinc calcium oxide catalysts are used.
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