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 [20]  
, -

,  V2O5 ( )   H3PO4 (85 %). 
, , 

La(NO3)3•6H2O ( ), Ti(NO3)4 ( ), 
(NH4)6Mo7O24•4H2O ( ), (NH4)4W5O17•2.5H2O ( ), 
ZrOCl2•8H2O  ( ),  FeCl3•6H2O ( ), AgNO3 

), Ni(NO3)2•6H2O ( ),  
 V2O5. 

VP O-  
 P/V=1.15, -

 /V  0.05–0.40. 
 VP O-  

 
)   DRON-3M   

 CuK  
 1.5418 .  

) 
VP O-   

 
)   VG  ESCA-3   AlK  

 (1486.6 ).  
 

 C1s-  –  
284.8 .  

 5 .  
 
 

)  Q-Derivatograph (F. Paulik, 
J. Paulik, L. Erdey)  
23–700 °  10 ° .  

,  Al2O3  
 Al2O3.  200 . -

 VPMeO-  
 

 ( )  
 Hitachi 

S-4000  4  (  – 
5000 ,  – 5 ). 

 
 

 2,6-
,  

 [11, 21, 22]. 

 

.  
 VP O- ,  

-
 Me/V< 0.10 (   = Fe, Zr, Mo, Ag, W  

Ni)   VPO- -
,  – 

VOHPO4•0.5H2O  ( .  1).   

 d = 0.570, 0.451, 0.367, 0.329, 
0.310, 0.294, 0.278, 0.265  0.185  [23–26] 

 
 (130)  d = 0.294 .  

 Zr,  Ni   Ag   
-

,  VPAgO-  
 (001)  

d = 0.570 ,  
(130)  d = 0.294 .  VP O-  

/V=0.10 -
 (NH4)3PO4(MoO3),  

 d = 0.824, 0.412, 0.336, 
0.291, 0.248, 0.189, 0.176, 0.165, 0.143 , 

 
 ( . 2).  

 Fe  W  VPO-  
.  

 

 
. 1.  VPMeO-  /V 0.10; 

VOHPO4•0.5H2O  

,  VPO-
 

VOPO4•2H2O,  
d = 0.712, 0.356, 0.304, 0.215, 0.195, 0.176, 0.152, 
0.134, 0.131  [27].  VPLaO-  

 LaPO4 (d = 0.444, 0.355, 0.307, 0.285, 
0.218, 0.195, 0.188, 0.170, 0.156, 0.150, 
0.132 ),  

 ( . 3). 
 VPO- ,  

, -
 (VO)2P2O7.  

 (d = 0.631, 0.394, 0.315, 0.299, 0.265, 
0.246, 0.209, 0.201, 0.185, 0.158 ) [23–28] 
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. 2.  VP O- : /V=0.10 ( ); 
/V=0.20 ( ); /V=0.30 ( ) 
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VPO- ,   
 20–30 ° .  

 
 

,  
 ( T  

100 ° ).  
 

 1.    VPMeO-  

 
VPMeO /V d001,  d130,  001 130 L001,   L130,  I001/I130 

VPO – 0.5712 0.2937 0.69902 0.36383 11.37 21.85 1.61 
VPFeO 0.05 0.5716 0.2939 0.39569 0.34249 20.09 23.21 1.09 

 0.10 0.5734 0.2949 0.14322 0.29771 55.51 26.70 0.11 
VPWO 0.05 0.5716 0.2939 0.49053 0.39053 16.21 20.36 1.65 

 0.10 0.5753 0.2943 0.55069 0.43163 14.44 18.42 1.002 
 0.20 0.5698 – – – 88.68 – 0.56* 

VPAgO 0.05 
0.10 
0.20 

0.5731 
0.5716 
0.5716 

0.2937 
0.2939 
0.2959 

0.50846 
0.42754 
0.50717 

0.34226 
0.34599 
0.33461 

15.64 
18.59 
15.67 

23.23 
22.98 
23.75 

1.75 
1.98 
1.79 

VPNiO 0.10 
0.40 

0.5716 
0.5734 

0.2935 
0.2939 

0.91471 
1.05403 

0.41394 
0.34639 

8.69 
7.54 

19.20 
22.95 

1.16 
1.49 

VPZrO 0.10 
0.20 
0.40 

0.5650 
0.5674 
0.5669 

0.2919 
0.2931 
0.2927 

0.99996 
0.99997 
0.99994 

0.99999 
0.99999 
0.99999 

15.90 
18.55 
12.37 

27.82 
27.82 
27.82 

2.81 
2.81 
2.89 

VPMoO 0.10 0.5642 0.2924 0.30394 0.1706 16.69 20.87 2.81 
001 302,  302  
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-
.  

 
,  

VPO-  
 P2p-  V2p3/2  

. 2).  VPLaO  VPFeO 

(Fe/V>0.10) ,  
 V2p3/2 . 

 
 

 – VOPO4•2H2O,  
.  

 
 2.    VP O-  

,   
VPMeO Me/V 

V2p3/2 P2p O1s 

 
 

 
n+ 

(P/V)S 

VP0 0 517.2 133.8 531.5 4.096 1.37 
VPZrO 0.05 517.3 133.5 533.0 3.144 1.82 

 0.10 517.3 133.6 532.1 3.756 1.91 
 0.20 517.2 133.6 532.0 3.756 2.00 

VPMoO 0.10 517.5 133.7 531.1 4.572 1.67 
 0.20 517.3 133.7 531.0 4.504 1.49 
 0.30 517.3 133.7 530.9 4.572 1.47 

VPLaO 0.10 517.6 133.4 531.1 4.640 1.01 
 0.20 517.6 133.5 531.0 4.708 0.96 
 0.40 517.1 132.9 530.6 4.640 1.36 

VPFeO 0.05 517.2 133.6 531.8 3.892 1.30 
 0.10 517.5 133.9 531.7 4.164 1.38 
 0.20 517.6 133.9 531.7 4.232 1.71 
 0.30 517.7 133.6 531.5 4.436 1.55 
 0.40 517.5 133.5 531.3 4.436 1.41 

VPWO 0.05 517.3 133.9 531.3 4.300 1.72 
 0.10 517.3 133.9 531.0 4.504 2.16 
 0.20 517.3 134.0 531.0 4.504 1.50 
 0.30 517.4 134.0 531.2 4.436 2.06 

VPTeO 0.05 517.3 133.6 531.9 3.892 1.28 
 0.10 517.4 133.7 532.0 3.892 1.31 
 0.20 517.2 133.7 532.0 3.756 1.62 

 
,  ,   
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Physical-chemical properties of VPO-catalysts surface modified 

by ions of transition metals 
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13 General Naumov Str., Kyiv, 03164, Ukraine, kiz68@i.ua 

 
An influence of the modification with the transition metal ions (Me= Ti, Fe, Zr, , La, W,Ag, Ni ) on 

physical-chemical properties of VPO-composition surface was studied. VPMeO-samples were investigated 
by the X-ray phase analysis, X-ray photoelectron spectroscopy, differential thermal analysis and scanning 
electron microscopy methods. Types of acidic centers were defined by dimethylpyridine and                  
2,6-dimethylpyridine adsorption. It has been found established that the introduction of the additives and 
the variation of their concentration ( /V=0.05–0.4) in the VPO-matrix do not influences on its 
composition most has, with the exception of additives Mo, La and Ti. It has been shown that               
VPO-composition promoted with transitional metal ions modifies its morphology, O1S-electrons binding 
energy, atomic ratio P/V and the quantity of acidic sites on its surface. It has been found that the change 
of surface acidic properties of VPMeO-samples by means of additives introduction is characterized by 
Lewis acidity essentially.  

Keywords: vanadium phosphate catalysts, modification with ions of transition metal, surface acid 
sites 
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