
STUDY OF MECHANICALLY ACTIVATED IN DIFFERENT MEDIA 
VPBiO CATALYSTS BY ELECTRON MICROSCOPE TECHNIQUES 

 
Ibrar Ayub2; Dangsheng Su2; Alexey Kharlamov1; Leonid Ushkalov1*; Valery Zazhigalov3;  

Robert Schlögl2 
1. Institute for Problems of Materials Science, 03142, vul. Krjijanivskogo 3, Kiev, Ukraine 

2. Fritz-Haber Institute of the Max Planck Society, Berlin, Germany  
3. Institute for sorption and problems of endoecology, Kiev, Ukraine 

Fax : +38(044)424-02-56; E-mail : leonid@materials.kiev.ua 
 
It is well known that the reactivity of solids strongly depends on their surface properties. Generally, the 
properties vary with the conditions of the synthesis, which determine the texture, particle size, specific 
surface area, type of crystal face exposed and the number of active sites. One of the most promising 
methods to modify these parameters is the mechanochemical treatment. As it has been reported [1,2] for 
V-containing catalysts, their mechanical treatment leads to the significant increase of both catalytic 
activity in n-butane oxidation and the selectivity to maleic anhydride. The authors explain such increase 
in catalytic performance by changes in specific surface area and anisotropic deformation that take place 
during milling of the samples.  
 
In this report results of structure and morphology investigations are presented. Mechanochemical 
treatment of samples of VPO precursor (VOHPO4·0.5H2O) with Bi2O3 as a promoter was carried out by 
means of a high-energy planetary ball mill in media such as water, ethanol and in air with varied duration 
of milling. The duration of milling did not exceed 30 min. The samples were studied by scanning and 
transmission electron microscopy (SEM, TEM) and by x-ray powder diffraction (XRD). 
 
By means of XRD it is shown that mechanical treatment crashes agglomerates and thus diminishes the 
particles size. This process is also accompanied by particles cleavage, which proceeds along a certain 
crystallographic planes. Samples treated in air and water (A and W series, respectively) undergo phase 
changes. When water is used the final product consists mainly of VOHPO4*4H2O whereas in dry medium 
(air) phase transformation from VOHPO4*0.5H2O to (VO)2P2O7 that goes through the intermediate 
amorphous state (Fig. 2c) is observed. 
 
Table. FWHM, average particle size (Scherrer formula), lattice parameter data, and catalytic activity of 
VPO samples 

Per surface 
area 

Sample FWHM* Size/ 
nm 

I[hkl]/I[hkl]
# a 

(+/- 
0.03) 

b 
(+/- 

0.03) 

c 
(+/- 

0.03) 

X = 
conversion 

% X´ = 
conversion 

% 
VPO 0.17 93 0.699 7.42 9.61 5.69 62 10.3 

M-E2 0.151 27 0.535 7.42 9.61 5.70 65 9,2 
M-E30 0.276 10 0.507 7.43 9.63 5.69 77 9,6 
M-A28 - - - - - - 75 3.7 
M-A30 0.327 6 0.457 7.79 16.58 9.60 78 4.1 
M-W2 0.164 62 0.707 6.38 8.92 13.46 91 6.9 
M-W10 0.136 88 0.624 6.38 8.92 13.46 68 7,7 

 
[Lattice parameters of VHP: (a) 7.420; (b) 9.609; (c) 5.693] 

[Lattice parameters of VHP4H2O: (a) 6.382; (b) 8.861; (c) 13.472] 

[Lattice parameters of VPP: (a) 7.725; (b) 16.576; (c) 9.573] 
[* VPO, M-E2 and M-E30: [130] peak; M-W2 and M-W10: [002]; M-A30: [204] peak] 
[#M-E2 and M-E30: I[001]/I[130]; M-W2 and M-W10: I[213]/I[002]; M-A30: I[020]/I[204]] 



 
Fig.1 SEM images of VPO samples. 
 

Fig. 2 HREM images of VPO samples treated in alcohol (a), water (b) and air (c). 
 
VPO precursor consists of bulky particles (Fig.1) and in its arrangement they resemble rough circles with 
different radii. Mechanochemical treatment drastically changes morphology of VPO precursor. Its 
particles after mechanotreatment look more like plates of various shapes, which depend on medium and 
milling duration. In case of liquid media they are randomly distributed. After mechanotreatment in air for 
30 min. particles undergo agglomerization and form packs of plates. Mechanical treatment of VPO 
samples results in their partial amorphisation, except for A28 that is wholly amorphous (Fig.2). 
Mechanotreatment has a favorable influence on catalytic performance of VPO samples. This phenomenon 
is due to the increase of the specific surface area that leads to the increases of the n-butane conversion and 
selectivity to maleic anhydride formation. In contrast comparing the conversion and selectivity per unit 
surface area (Table) we observe a decrease with milling. Taking into consideration the crystallographic 
model of active sites [3] it could be accounted for by the loss of active site because of partial 
amorphisation of mechanotreated samples. 
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