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A one-step process replacement for the conventional three step process for MIBK synthesis [1] 
is made possible by a robust, multifunctional catalyst that simultaneously facilitates the three 
major chemical transformations in a single catalytic distillation (CD) reactor. CD is a hybrid 
reactor technology that integrates heterogeneous catalytic reaction within a distillation column 
by immobilizing solid catalyst particles within discrete reactive sections, potentially resulting 
in significant energy savings as well as a reduction in operating and capital expenditures 
because of process intensification. CD processes are generally more energy efficient leading to 
a reduction of the emission of greenhouse gases.  
 
 Introduction 

The goal of a highly efficient one-step process for MIBK synthesis is an industrially 
important objective, presenting an excellent opportunity for the application of catalytic 
distillation technology. In this study, a one–step process for MIBK synthesis is made possible 
by a multifunctional catalyst (Pd/Nb2O5/SiO2) that simultaneously facilitates the three major 
chemical transformations in a single CD reactor. The multifunctional catalyst consists of 
transition metal Pd, responsible for the selective hydrogenation of Mesityl Oxide (MO), 
dispersed onto supports Nb2O5 and SiO2 that facilitates both the aldol condensation of acetone 
and the dehydration of DAA. The irreversible hydrogenation of MO breaks the equilibrium 
limitations of the previous reaction steps, thus shifting the reaction in favor of MIBK formation 
allowing acetone conversions much higher than the theoretical equilibrium conversion 
associated with the aldol condensation of acetone.  

 
The research specifically provides insight into the reaction engineering that enabled the 
successful integration of the multifunctional catalyst inside the CD column. CD is a green 
engineering technology that combines the functionalities of a chemical reactor into the 
distillation column by immobilizing solid catalyst particles within discrete reactive sections. 
The equilibrium- limitation of the non-hydrogenation reaction steps and exothermicity of the 
hydrogenation reaction make MIBK synthesis an excellent candidate for process intensification 
via CD, offering a significant reduction in re-cycle and waste streams and with the evolved 
reaction heat driving the distillation process. The one-step synthesis of MIBK is investigated in 
a pilot scale CD reactor utilizing two distinct operating modes; the first with total reflux and 
the second with an overhead distillate stream.   
 
 
Materials and Methods 
Pilot scale catalytic experiments were conducted in a CD reactor constructed from 5 segments 
of stainless steel pipes with 1 inch nominal diameter connected by flanges. Saddles were used 
for distillation packing and heterogeneous catalyst was immobilized within discrete reactive 
sections in the column.  
 
Results and Discussion 
The one-step synthesis of MIBK is investigated in a pilot scale CD reactor utilizing two 
distinct operating modes; the first with total reflux and the second with an overhead distillate 
stream. An important finding was that while operating at total reflux, the accumulation of  
 water in the reactive section resulted in the suppression of the DAA dehydration reaction.  In 
the total reflux mode, analysis of liquid samples extracted from the CD column revealed 

elevated water concentrations in top half of the reactor, with 9.4 and 21.0 wt% water in the reactive and 
rectification sections respectively, which resulted in the suppression of the diacetone alcohol dehydration 
reaction and MIBK yield The in situ removal of water  from the reactive section via an overhead distillate 
stream operating at 83 to 97% reflux directly resulted in an increase in MIBK productivity and hydrogen  
uptake efficiency by factors of about 20 yielding a moisture free reboiler product stream with as high as 53 
wt% MIBK. This is ground-breaking since most start of the art MIBK processes only report 30 % wt MIBK 
which requires further downstream refining processes. A moisture free product is also significant since 
MIBK and water are known to produce azeotropic mixtures resulting in difficult and costly downstream 
separations in the commercial process for MIBK synthesis. More generally, the results demonstrate a unique 
and powerful advantage of CD technology, that for some reactions, a significant kinetic enhancement may be 
realized from the selective in situ separation of kinetically relevant inhibiting substrates from the reactant in 
the catalyst bed. The results of CD experiments showed that the MIBK productivity is governed by the rate 
of external mass transfer of hydrogen. Interestingly, the results suggest that the catalyst wetting efficiency 
affects the transport of hydrogen to the active sites as evidenced by the dependence of MO conversion on the 
reflux flow rate. The condition of minimum reflux flow rate and maximum hydrogen flow rate resulted in 97 
% MO conversion and 90 % MIBK selectivity.  
 

 
 
Figure: One –step CD process for MIBK Synthesis – A salient example of Green Engineering 
 
Significance 
MIBK is a highly valued industrial chemical known for its outstanding solvating properties utilized for 
metallurgical and solvent extraction properties and used as a precursor chemical for manufacture of 
antibiotics, pharmaceuticals and ozone and rubber products. MIBK is a mature product and in strong demand 
in developing countries. MIBK may also be viewed as a renewable feedstock since acetone can be produced 
from biomass. The novel green process proposed for the one-step synthesis of MIBK via a multifunctional 
catalyst promises higher conversion and product selectivity. A moisture free reboiler product stream with 53 
wt% MIBK is ground breaking since state of the art product % in bottoms is only 30 wt %. The intensified 
CD process for MIBK is hence of heightened industrial significance 
 
References 
1. Muthusamy, D. and I. Fisher, Methyl Isobutyl Ketone, in Kirk-Othmer Encyclopedia of 

ChemicalTechnology. 2000, John Wiley & Sons, Inc. 
 

Reaction Pathway for aldol condensation of 
Acetone to MIBK 


