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More than twenty years ago the process of n-butane oxidation to maleic anhydride was 

realized in industry. The yield of maleic anhydride on used VPO catalysts was equal 53-55 mol. %. 
Any progress in maleic anhydride manufacture on VPO catalysts for passed time obtained. The 
mechanism of n-butane oxidation proposed in [1-2] predicted that the maleic anhydride selectivity 
and yield could be improve by active cluster (6-8 paired vanadyl group) isolation by means of 
phosphorus surplus introduction on surface or amorphous zone around active groups creation. For 
realization of these assumptions in this investigation two method were used: barothermal treatment 
of VPO-Bi catalyst by phosphorus acid and phosphorus oxide vapour and its tribochemical 
treatment.   

The barothermal treatment was realized in stainless autoclave equipped with a Teflon inner 
tube. The VPO-Bi precursor was introduced in Teflon tube and phosphorus compounds were loaded 
between autoclave and tube walls, and then autoclave was heated at 473-623 K for 6-24 h. The 
tribochemical treatment was effectuated in planetary ball mill (3000 rpm) in different medium 
(ethanol, water and dry milling) for several times (2-60 min). 

 The obtained catalysts were characterized by means of different techniques such as SEM, 
TEM, EELS, XPS, BET and XRD. The acidic properties of the catalysts were studied by means of  
TPD NH3, pyridine and dimethylpyridine adsorption and 2-methyl-3-butin-2-ol transformation. 

The barothermal treatment of VPO-Bi sample leads to increase of the relative ratio of (001) 
plane of precursor without changes of the phase composition. The P/V surface ratio increases more 
than two time and the phosphorus surplus forms the islands on catalyst surface which decrease the 
size of available active surface fragments. The change of Bronsted/Lewis acidity ratio of surface as 
result of treatment also was observed. The activity of the catalyst in n-butane oxidation less changes 
up to several value of P/V ratio and decreases with its growth. The selectivity to maleic anhydride 
increases (more than 10 mol.%) practically in all interval of the P/V ratio changes. Well correlation 
was observed between the selectivity to maleic anhydride and Bronsted acidity of the catalysts. 

SEM and TEM show that the particles size becomes smaller with short milling time and 
agglomeration occurs as milling time increase. Samples, which had been mechanochemical treated 
all showed more rounded particles with homogeneous dispersion of BiPO4 compared with 
precursor. The change of phase composition of the sample after tribochemical treatment also was 
observed. XRD reveals that milling in air for 28 minutes resulted in an amorphous phase but the 
increase the time treatment up to 30 min converted sample to (VO)2P2O7. In contrast milling in 
ethanol for 30 minutes did not induce any phase change but after 60 min treatment the vanadyl 
pyrophosphate and amorphous component were formed. XRD also reveals that milling in water for 
just 2 minutes hydrates VOHPO4·0.5H2O to VOHPO4·4H2O and transforms its to initial phase with 
time treatment rise.   

The mechanochemical treatment catalyst shows an enhancement of n-butane conversion and 
an improvement in maleic anhydride selectivity and yield. The sample milled in water exhibits an 
rise in conversion to 91 % but selectivity increases only some percents. The maximal increase of the 
selectivity after treatment in ethanol (more than at 15 mol. %) and growth of activity (but only 5-6 
%) was observed. The correlation between the changes of selectivity and Bronsted acidity was 
established. 
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