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   (  1),    TiO2    
6,52 2/ .         

     ,      
  [8].

 1.     .

  S, 2/

1 TiO2 ( ) 6,52

2 20%V2 5 /TiO2 7,1

3 20%V2 5-5%Mo 3/TiO2 7,9

4 20%V2 5-5%Mo 3-2%Sb2 3/TiO2 6,7

5 20%V2 5-5%Mo 3-2% 2 5/TiO2 9,6
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 ,        
,     .     

 -  : ,   .

       (
, Sb  )        

   .  20%V2O5/TiO2  
        .

 20%V2O5/TiO2  ,      
V2O5 Shcherbinaite, syn.( JCPDS, 9-385)  V2O3 Korelianite, syn. (JCPDS,34-187).   

       V2Ti3O9  
Kyzylkumite(JCPDS,35-486),       

    25-40 .    (JCPDS, 21-1272)
(  2)   50  150 .

. 2. -   20%V2O5/TiO2 .

      
.     HF   . 

    -5.  5%    
20%V2O5/TiO2       

     ,   V2O7,5(JCPDS, 18-850) 
4V6O25(JCPDS, 34-560) [9-11].   3  4V6O25,   ,

     .

. 3. -   20%V2 5-5%Mo 3/TiO2 .
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      ,  
,    10 ,  , 

    VOMoO4 (JCPDS,18-1454),       V7O13 (JCPDS,18-
1454).

 2%    20%V2 5-5%Mo 3 / iO2    
           

.   V2O3,VO2  V3O7  V6O13(JCPDS, 27-1318). 
       Sb2VO5(JCPDS, 33-122),  

    V4+  SbV8 (JCPDS, 10-199).     
    .       Sb2 5 (JCPDS, 33-110)

 Sb6 13 (JCPDS, 33-161).

 20%V2 5-5%Mo 3 -2% 2 5/ iO2     
    .

         
  (VO)2P2O7(JCPDS,34-1040), V ( 3)2 (JCPDS,33-1443)  V8 12,98 (JCPDS,30-1428). 

    (VO)2P2O7(JCPDS,34-1040)  3 8 2
(JCPDS,21-574,  4)  V ( 3)2 (JCPDS,33-1443)  V8 12,98 (JCPDS,30-1428).

. 4. -   20%V2 5-5%Mo 3-2% 2 5/TiO2 .

 ,   ,    
 ( , Sb  )      ( (VO)2P2O7; V ( 3)2 ;VO2 ), 
      ,    

.

 20%V2 5/ iO2, 2-20%V2 5-5%Mo 3/ iO2  20%V2 5-5%Mo 3-2% 2 5/TiO2
    - .   -    500-1050 -1

  ( . .)     , 
.

  5   -  20%V2O5/TiO2 ,   
 ( . .) 1015, 819,603  515 -1.  [12] . . 1015 -1  V=O, 

. . 819 -1,      –V-O-V-.   603
 515 -1       .
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    [13].

: 1-20%V2 5/ iO2; 2-20%V2 5-5%Mo 3/ iO2; 3-20%V2 5-5%Mo 3-2% 2 5/TiO2
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 2. -   NH3  
  643 .
. . ( -1)  

. . . . . .

20%V2 5/ iO2 3380, 1610 3110, 1700, 1450

20%V2 5-5%Mo 3/ iO2 3340, 1600, 3100, 1500

20%V2 5-5%Mo 3-2% 2 5/TiO2 3370, 3450, 3160 1710, 625,1545,1050

        
.      20%V2 5-5% 3- /TiO2, 

  . . .  . . .      .

 ,   , ,  
        

 : -  as (NH3)  . . .  (1610 -1)     NH4
+

 . . . (1420-1450 -1) [16, 17].       
      . 

   ,    
   . . .   . . .       

  .

           
       .

    3  -    
 (  3)   2       –  V2O5   MoO3  

 (  6).

. 6.   .

-   3,  4,  5        1-
20%V2O5/TiO2 (  6),     -   
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      (V4+)   
 (V5+)     V5+ V 4+ [18].

-  -      ( H ~1000
),            H ~150-160   

g-  1,95          .
   [19, 20],   g–   1,95    V4+

  .

  3     ,    g=1,95 
    .   V4+  

    g-  20%V2O5/TiO2 .

 3.  -    .
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       .  
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- .   ,       
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(  7).
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   [21].     (73%)
  ,  ,   : W=15000 -1,

.=24,9 / 3  =643  .

 ,   ,      
       V4+  

.    (  Mo, Sb  )   

 g- H

( )

(  %  1 )

1 20%V2O5/TiO2 1,95 154 68 1,0

2 5%MoO3/TiO2 1,97 147 45 0,7

3 20% V2O5-5% MoO3/TiO2 1,95 150 100 1,5

4 20% V2O5-5% MoO3-2%Sb2 3/ TiO2 1,95 150 788 11,6

5 20% V2O5-5% MoO3-2%P2 5/ TiO2 1,95 160 3339 49,1



Journal of International Scientific Publications:  
Materials, Methods & Technologies, Volume 6, Part 3 

80 Published by Info Invest, Bulgaria, www.sciencebg.net 

     V4+     
   .

: 1-20%V2 5/ iO2; 2-20%V2 5-5%Mo 3/ iO2; 3-20%V2 5-5%Mo 3-2%Sb2O3/ iO2;
4-20%V2 5-5%Mo 3-2% 2 5/TiO2.

. 7.   (Mo 3, Sb2O3,  2 5)   20%V2 5/ iO2  
     .

:

        
 .      - =643 , W=15 .

-1  .=24,9 / 3.     -
  ,      

         73%,
   77,6%    94%.  -

 ( ,   )      
 .   ,    

  V6O13  V2Ti3O3,        V4+ 
  ,   V4+      
.     ,     

    V4+      
    .     V4+

    -  ,     
   V4+. -   -

  ,   . .    1015   819  -1  
 ,  ,  V=O   V-O,   . .    647-630  -1 

  .     
      , 

   .       -
      . . .,   . . .,  

     -  .



Journal of International Scientific Publications:  
Materials, Methods & Technologies, Volume 6, Part 3 

81 Published by Info Invest, Bulgaria, www.sciencebg.net 

1.  . .,  . . (1995)    
  .     

  .  , 64, . 177-197.

2. Resources and Production Oil Realities of Kazakhstan (2008).   –
PETROLEUM, 50 (2), . 14-16.

3.  . .,  . . (1976)     . .
216.

4.  .,  .,  .(1977)   . . 700.

5. Zazhigalov V.A., Haber J., Stoch J., Bacherikova I.V., Komashko G.A., Pyatnitska A.I.( 2002)
N-butane oxidation on V-P-O catalyst. Influence of alkali and alkaline –earth metal ions as
additions .Appl. Catal. A: General. 134 (2), . 225-237.

6.  . .,  . . (1990)    
    . .  . . 6, . 710-715.

7.  . (1972)   . . 480.

8.  . . (2010)     
   . . .  . . . , 2010, .21

9.  . .,  . .,  . . (2007) -  
,  -  ,   

 .      
  , 11-14  2007, - , . 162-165.

10. Bogutskaya L.V., Palchevskaya T.A., Belousov V.M. (1993) One-stage liquid-phase
hydrogenation of maleic anhydride. Catalysis in Heterocyclic Chemistry (Zinatne), 1993, . 8-9.

11.  Pierini  B.T.,  Lombardo  E.  A  .  (2005)  Cr,  Mo  and  W  used  as  VPO  promoters  in  the  partial
oxidation of n-butane to maleic anhydride. Catal. Today, 107, . 323-329.

12.  . .(1993)      
 .     34,  6, . 1056-1067.

13.  . . (1992)     -
. . 253.

14.  . . (1993)       
  -   -  ( , NO). IX

     .    
34, 2, . 333-340.

15.  . . (1967)   . . 35 .

16.  . .,  . . (1988)   
  -   .  

  2, . 240-244.
17.  . .,  . . (2005)     

  .     46  2, . 233-242.
18.  . .,  . .,  . . (2002)  

  VOx/TiO2.     43, 2, . 245-255.



Journal of International Scientific Publications:  
Materials, Methods & Technologies, Volume 6, Part 3 

82 Published by Info Invest, Bulgaria, www.sciencebg.net 

19.  . .,  . . (2008)   (IV)  
        

  .     58, 5, . 830-836.

20.  . .,  . .,  . .,  . . (2003)  
     VOx/TiO2.  

 44, 5, .774-782.

21.   .,    . .,    . ..  (2011)   
    .   4 (67), .89


