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5.1 Introduction  

 

 Acetic acid is one of the world’s most important chemical products.  It is primarily 

used for the production of acetate esters that are further processed to films, textiles, paints, 

dyes, artificial fibers, and glues.  In 1997, worldwide production of acetic acid was 5.4 

million tons.1  As evidenced from the recent major expansion of acetic acid production 

capacity in China, the demand for acetic acid continues to rise.  The dominating 

manufacturing process for acetic acid uses an iodide-promoted rhodium catalyst to very 

efficiently carbonylate methanol and was pioneered by Monsanto in 1968.2  However, the 

process has several disadvantages.  Methanol is already partially oxygenated and the 

process requires very high purity carbon monoxide.  The gas phase oxidation of ethylene to 

acetic acid over a palladium based catalyst has recently been announce by Showa Denko.1  

Ethylene, mostly produced from high temperature dehydrogenation, is relatively expensive.  

Ethane, on the other hand, is abundantly and economically available from natural gas, 

where it accounts for between 3 and 20% of the molar content.3  Thus, the activation of 

ethane to partially oxygenated products such as ethylene and acetic acid is extremely 

desirable.  Unfortunately, activation of alkane C-H bonds is very problematic4,5 and often 

results in deep oxidation products instead of partially oxygenated products. 
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 Thorsteinson and co-workers were able to selectively catalyze the production of 

ethylene from ethane over a mixed metal oxide of molybdenum, vanadium and niobium 

at atmospheric pressure and moderate temperatures.6  It was later discovered that acetic 

acid could be synthesized in high yield directly from ethane over the same catalyst at 2.1 

MPa.7  Production of acetic acid from ethane at atmospheric pressure has also been 

demonstrated.8   When doped with palladium, the production of acetic acid at elevated 

pressure was greatly increased at the expense of ethylene production; this was explained 

by the consecutive reaction of ethylene over a palladium-based Wacker-like active 

center.9  Other mixed oxide systems such as VOx,10 VPO,10 and Mo-V-Nb-Te-Ox
11,12 

have also shown the ability to perform oxidative dehydrogenation of ethane to ethylene 

and acetic acid.  A more complete summary of catalysts capable of ethane oxidation to 

ethylene and acetic acid can be found elsewhere.13  No mixed metal oxide catalyst has 

been able to catalyze the production of acetic acid without the presence of vanadium. 

 Heteropolyanions provide tunable acid and redox properties and are thus well suited 

for use in the study of alkane activation.14-22  Indeed, heteropolyanions have received 

significant interest for selective alkane activation reactions,20,21,23-31 including the reaction 

of ethane to ethylene and acetic acid.27,28,32-36  Ueda showed that a pyridine exchanged 

molybdovanadophosphate partially reduced during thermal treatment was active and 

selective for the oxidation of propane to acrylic and acetic acids.35  Shortly afterwards, Li 

and Ueda demonstrated that pyridine exchanged phosphomolybdic acid could selectively 

oxidize isobutane to methacrylic acid and ethane to acetic acid.36  Davis, Holles, and Dillon 

investigated the use of niobium and pyridine exchanged phosphovanadomolybdic and 

phoshpomolybdic acids for the selective oxidation of propane and butane.23-25  It was also 
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demonstrated that the same catalysts were active for the selective oxidation of ethane to 

ethylene and acetic acid.23  Here, the reaction of ethane to ethylene and acetic acid over 

phosphovanadomolybdic and phosphomolybdic acids is studied in detail to determine the 

identity and function of necessary components for active ethane oxidation. 
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