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Abstract  

A new fluidizable VOx/Ce-Al2O3 catalyst for the oxidative cracking of hexane to olefin is investigated. 

This catalyst also acts as a source of lattice oxygen under the gas phase oxygen free conditions. 

TPR/TPO shows a consistent reducibility of VOx/Ce-Al2O3 over repeated reduction and re-oxidation 

cycles. The presence of Ce helps forming VOx as highly desirable amorphous phase, revealed by XRD. 

The NH3-TPD indicates an appreciable acidity of the catalyst with moderate metal-support interaction. 

The oxidative cracking of hexane in a fluidized CREC Riser simulator under gas phase oxygen free 

conditions gives mainly olefins, lighter alkanes and COx as major products. At 600 °C the hexane 

conversion reached up to 35 % with 39 % olefins selectivity. The kinetics model is formulated based on 

Langmuir-Hinshelwood mechanism considering both the cracking of hexane and oxidative 

dehydrogenation of the lighter alkanes contributing to the olefins. Two deactivation functions represent 

the depletion of lattice oxygen and coking, respectively. The developed model fits the experimental data 

with favorable statistical indicators such as high R2, minimum standard deviations, low cross 

correlations.  The estimated activation energies are also consistent to the product selectivity data. 
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Introduction

Olefins such as ethylene, propylene, butene are 

important feedstocks for the petrochemical industries. 

They are used in the production of polyethylene, 

polypropylene and other industrial intermediates such as 

plastics (Ren et al 2006). Oxidative cracking is considered 

as a promising alternative to the existing thermal/steam 

cracking processes to produce olefins (Boyadjian et al 

2010). However, there are outstanding major challenges 

for large scale production of olefins via oxidative cracking 

of hydrocarbons due to thermodynamic favorability of 

undesired products (lighter alkanes by cracking) and 

complete oxidation of the reactant/products to COx 

(Boyadjian et 2010; Elbadawi et al 2016).  

 

The present research is focused on a fluidized bed 

oxidative cracking of heavy hydrocarbons in a gas phase 

oxygen free conditions to maximize olefins. In this regard, 

a fluidizeble VOx/Ce-Al2O3 catalyst suitable for oxidative 

cracking of liquid hydrocarbons is studied. In addition to 

its catalytic role, this catalyst also serves as a source of 

lattice oxygen in absence of gas phase oxygen.  

 

Methodology 

The Ce modified VOx/Ce-γAl2O3 catalyst was 

prepared by using an incipient wetness technique.  Before 

VOx loading, the Ce-modified alumina support was 

prepared by a template free method using Ce/Al nitrates. 

The prepared catalyst was characterized by XRD, TPR, 

TPO, NH3-TPD to determine the crystallinity, reducibility, 

oxygen carrying capacity and acidity, respectively. The 

gas-phase oxygen free oxidative cracking of n-hexane 

experiments were conducted in a fluidized CREC Riser 

Simulator (Elbadawi et al 2016; Al-Ghamdi et al 2013). 

Following oxidative cracking cycle, the catalyst was re-

oxidized by circulating air through the catalyst bed. For 

kinetics modeling the experiments were conducted at 

various temperatures and reaction times.  

Results and Discussion 

XRD of VOx/Ce-Al2O3 shows that VOx species 

present on Ce-Al2O3 as amorphous phase, which favors the 

selective oxidation to olefins (Elbadawi et al 2016). In 

TPR, the VOx/Ce-Al2O3 reduced between 300 to 600 °C 

and consumed approximately 40 ml (STP) of H2 per gram 

of catalyst. The total acidity of the catalyst was found to be 

11 ml (STP) per gram of catalyst. SEM-EDX shows good 

dispersion of VOx on Ce-Al2O3.   

 

http://www.chemgapedia.de/vsengine/vlu/vsc/en/ch/12/oc/vlu_organik/alkene/indust_bedeut_alkene.vlu/Page/vsc/en/ch/12/oc/alkene/synthesen_aus_ethen/synthesen_aus_ethen.vscml/Appendage/indpro.html


  
 

The gas phase oxygen free oxidative cracking 

reactions are conducted between 525 to 600 oC which was 

based on the reducibility of the catalyst as found in TPR 

analysis. It was observed that n-hexane conversion reached 

to 35% at 600 oC. Under the studied reaction conditions, 

the product contains 39 % light olefins (C2H4, C3H6 and 

C4H8), 21 % methane, 2 % C2-C5 alkanes and 28 % COx.  

The appearance of olefins are believed to be the 

contribution of both cracking and partial oxidation of the 

cracked lighter hydrocarbon molecules with catalyst lattice 

oxygen (Elbadawi et al 2016). The CH4 and C2-C5 alkanes 

were the cracking products, while COx was formed by 

complete oxidation of both the cracked and partially 

oxidized products (Al-Ghamdi et al 2013). This above 

analysis suggests that an appropriate balance of cracking 

functionality and availability of lattice oxygen are the key 

to maximize the olefin selectivity (Elbadawi et al 2016).   

Kinetics modeling 

Based on the product analysis, one can hypothesize a 

reaction mechanism as shown in Figure 1.  

 
Figure 1. Reaction mechanism 

 
Elementary reactions steps suggest that both the 

cracking and oxidative dehydrogenation reactions follow 
Langmuir-Hinshelwood mechanism (Kissin et al 2001; Al-
Ghamdi et al 2013). On the other hand, the intrinsic 
reaction rates of the individual steps are related to the 
overall mole balance of the species involved in the 
oxidative cracking of hexane runs in the CREC Riser 
Simulator, which gives the following model: 

 

  

 

 

 

 

where, Ci: concentration of species, V: reactor volume, W: 

catalyst weight, t: reaction time, φ(t): deactivation due to 

coking with λ as a decay constant and α (T): catalyst decay 

function to take into account of lattice oxygen depletion. 

The parameters a1, b1 and c1 can be obtained by fitting the 

model (Eq.-3) with the temperature programmed reduction 

(TPR) data while, Tm is the reduction peak temperature.  

Parameters Estimation 

The developed model was evaluated by a least square 
fitting of the kinetic parameters (in MATLAB) using the 
experimental data obtained from CREC Riser Simulator at 
various conditions (t: 5-25 sec; T: 525-575 °C). The 
optimization criteria are that all the specific reaction rate 
and equilibrium constants have to be positive, and 
consistent to the physical and chemical principles.   

 
Figure 2. Experimental data vs. model prediction at 550 

oC (▲Hexane, ● CH4, ♦ olefins, ■ C2-C5 alkanes,  x COx)  

 

Figure 2 compares the kinetics model predicted and 

experimental data at 550 oC. One can easily see that the 

model adequately fits the experimental values with 

acceptable standard deviations. The estimated activation 

energy for n-hexane cracking was found to be 50 kJ/mol, 

while the activation energies for products formation varied 

in the range from 9 to 11 kJ/mol. These values are 

consistent to the selectivity of various products obtained at 

different reaction conditions. 
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