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NOTES 

The Oxidative Dehydrodimerization and Aromatization 

of lsobutene 

Recent studies have revealed that the cat- 
alytic oxidation of propylene to hexadiene 
and to benzene may be carried out over sev- 
eral metal oxides (l-4). The reaction has 
been suggested to proceed through consecu- 
tive steps involving oxidative removal of 
hydrogen to produce allylic intermediates, 
which then react to produce hexadiene and 
acrolein. Further oxidative attack on hexa- 
diene gives cyclohexadiene and benzene. 
Thallium oxide has been found to be selec- 
tive towards hexadiene (I), and the salts 
of indium, bismuth, tin and cadmium cat- 
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FIG. 1. Product-time curves for the oxidation 
of isobutene. T = 520°C. lisobutene] = 5.0 x 19-3 

moles/liter ; [oxygen] = 8.9 X W3 moles/liter; 
(0) 2,5-dimethyl-1,5-hexadiene ; (A) p-xylene; 
(0) benzene ; ( X ) carbon dioxide ; (0) to!uene. 

alyze the oxidation to benzene (2-4). The 
present note reports the analogous oxida- 
tion of isobutene to 2,5-dimethyl-1,5-hexa- 
diene and p-xylene over indium oxide, one 
of the more selective catalysts for the 
oxidative aromatization of propylene. 

Experiments were completed in a stan- 
dard flow apparatus, products being ana- 
lyzed by gas chromatography (2). Pre- 
liminary experiments revealed the presence 
of methacrolein, carbon dioxide, 2,5-di- 
methyl-1,5-hexadiene, p-xylene, toluene 
and benzene among the products, these 

L7O 5L5 
TEMPERATURE o C 

FIG. 2. The effect of temperature on the selec- 
tivity of oxidation to products. Selectivity = 

(moles product/moles reactant reacted) x (no. 

of C atoms in product/no. of C atoms in re- 
actant) X 100%. Contact time = 109g see/liter. 

tisobutencl = 5.0 X 10m3 moles/liter; [oxygen] = 
8.9 X 1O-3 moles/liter ; (0) 2,5-dimethyl-l&hexa- 

diene; (A) p-xylene; (0) toluene; (0) benzene. 

485 
Copyright @ 1973 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 



486 NOTES 

identifications being checked mass-spectro- 
metrically. Only traces of o- and m-xylene 
could be observed. Measurements were 
made of the kinetics of production of 
dimerized and cyclized products during 
the initial stages of the reaction, and of 
the dependence of yields and selectivities 
upon reaction parameters at longer con- 
tact times. Typical product-time curves 
are shown in Fig. 1. 

The reaction was found to be very de- 
pendent upon temperature, with the selec- 
tivity of oxidation to the diene being 
about ten times as large as that to the 
aromatic products (Fig. 2). The yield of 
total aromatics was found to increase 

methylhexadiene and of p-xylene were 
measured over the initial stages of reac- 
tion where insignificant amounts of toluene 
and benzene were produced. Diffusion was 
found not to affect the values obtained and 
homogeneous reactions were negligible in 
the temperature range of the measure- 
ments. The rate equations obtained are 
given below: activation energies were mea- 
sured over the range 460495°C. The ad- 
dition of p-xylene and dimethylhexadiene 
to the feed had a small inhibitory effect 
due entirely to the diene. This was neg- 
ligible for the concentrations of product 
present during the initial rate measure- 
ments. 

485°C 
d(diene) 
~ = 0.30[isobutene][oxygen]“.8 

dt 
Ed = 30 kcal/mole 

455°C 
d(p-xylene) 

dt 
= 0.69[isobutene][oxygen]“.g5 EA = 31 kcal,/mole 

linearly with contact time, and studies of 
the oxidation of reaction products showed 
that toluene and benzene originated from 
the overoxidation of dimethylhexadiene 
and p-xylene, with approximately equal 
percentages of both products undergoing 
demethylation. 

The kinetics of the production of di- 

It is interesting to note that these initiaI 
rates of production of diene and of xylene 
are of the same order, the high selectivity 
to the diene only becoming apparent at 
longer contact times (Fig. 2). 

The kinetic expressions obtained were 
compared with predictions based on the 
application of Langmuir-Hinshelwood ar- 
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guments to different theoretical models. 
Over the range of experimental results 
available, most satisfactory agreement was 
obtained with a model based on the reac- 
tion of two adsorbed isobutene molecules 
with dissociatively adsorbed oxygen, where 
isobutene and diene compete for the same 
sites, but oxygen is adsorbed at different 
sites. However, a model based on the re- 
action of gaseous isobutene with dissocia- 
tively adsorbed oxygen was acceptable, 
though it gave a less good fit with experi- 
mental results. No satisfactory fit was ob- 
tained with any other model. 

The results can be satisfactorily ex- 
plained by a mechanism analogous t,o that 
proposed for the oxidation of propylene, 
in which the dimerization of allylic inter- 
mediates is responsible for the formation 
of dimethylhexadiene : 

Neither isobutene or 2,5-dimethyl-1,5- 
hexadiene is strongly adsorbed on the cat- 
alyst, and the further oxidation of di- 
methylhexadiene to aromatics is less 
favored than in the case of propylene. It 
might be possible to increase the yield of 
aromatics by modifying the catalyst. Al- 
ternatively, a two-stage process involving 

indium oxide as an oxidative dimerization 
catalyst and chromia as a cyclization 
catalyst should lead to higher yields of 
aromatics (5). 
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