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I.  
 

             

     XXI .     

,        

,             

 (CO, NOx, SO2, SO3  CxHy)   (~ 64 %   

 [1]).    ,      

       “ ”  

(TWC),        (    

  - CO  CmHn  CO2  H2O)   (  NOx  N2) 

. 

     ,   

       . . “cold start”  ,   

        . 

-      Al2O3, ZrO2 /  CeO2 

   . 

           

     CO, CH  NOx.   

 CeO2    /    ( . .    

“  ”),      Ce      

       . 

          

       -  

 (2MgO x 2Al2O3 x 5SiO2   14% : 36% : 50%) -   ( -

  ).     , 

         

(    500 oC)       (     

 - H2SO4  HNO3,    NOx, SOx  H2O  

 ),         

 .   ,        

      ,   

  . 

 1



         

        , 

        

       . , 

           

         ,  

   ,  ,      

,  ,           

,           

 . 

,     ,  

,         

         -   

         

 404.   -     ,  

            

. 

 

1.   . 

     ,     

    . . “  e”      

 ( )    ( )    

     : 

   / ; 

 ; 

; 

   . 

         

          –    -

    (     )    

 .        

 e  : 

 2



    ,      

 ,      

(„ ”)   .  ,    

 ,       -    

       (Pt, Pd, 

  .); 

     ( , , , 

,    . .),       

  ,      

    ,    

  (     ), 

     ; 

         

    ,   ,  

          

        ; 

    ,      

  ,   –      -    

          ,    

          

   ( )    ,  

  ,         (HNO3, H2SO4, 

    .)    ; 

    ,      

   -  ,    

 ,       , 

 . .           

    –       

    4+  3+, . .        

      (   ,    

   ). 
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2.      : 

 

          

   ( - )   ( - ) 

        -

    404,       

   . 

       : 

1.       0.1 N HNO3  0.1 N H2SO4  

  OC404    . 

2.         -

       0.1 N HNO3  0.1 N H2SO4. 

3.           

           

     “   /  ”  

-   -  . 

4.            

   OC404  -  . 
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II.    
 

II.1.   

II.1.1.   . 

      OC404    

    (   100 ml)   : 

0.1 N HNO3, t = 25 C,     ; 

0.1 N H2SO4, t = 25 C. 

        10   10   0.05 mm   

 1 2.         

 .        

 10 x 10 x 0.6 mm,     - -  (MSE   

EHg/Hg2SO4
 = +0.642 V).  ,    ,  

  ,     .   

       

   /  “EG&G”  273 ,  

   ,    “Echem”. 

  a     10 mV/s,      

 –1.500  +1.500 V.         

 :   ( corr),   (icorr),  

   ( pass),     (ipass),   

 ( trans). 

II.1.2. . 

     (Est)    

     (   “Est– ”)  

    .     : E1 – 

  ,        

   Est –   ,     

   (      )  ,  

   Est   1 – 3 mV    5 . 
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II.2.  . 

II.2.1.    (XPS). 

        

    ESCALAB  II (VG Scientific)  

       1x10-8 Pa.   AlK  

 (h =1486.6 eV),     ~1 eV   

   20 eV. 

II.2.2.        

 (ISP-AES). 

        ,  

   ,       

       (ICP-AES) –  

JY38 Jolin Ivon, France [115,116]. 

II.2.3.   (XRD). 

          

  Philips APD – 15,  CuK   (1.54178 )  

 .      2  20   90 ,  

 0.1        10 s  . 

II.2.4.    (SEM)  -

  (EDS). 

          

          

   JEOL JSM 6390 (Japan)     

 (SEI)     (BEI).   

  10-25 kV.      -

  Oxford Instruments INCA x-sight,   

  EDS       

 ,      . 

II.2.5.    (AFM). 

          

AF  Q+scope 250 (Quesant, USA)  ,    200 nm  200 nm 

 80 m  80 m.         0.5 Hz  

3 Hz,      -  300 dpi  600 dpi. 
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II.3.  . 

     ( )  

  (   Sartorius Type BP 301S (ISO 9001)). 

II.4.          

     C404. 

II.4.1.  . 

      ( )  (SS)    

( . % - Cr (20.0), Al (5.0), C (0.02),  Fe)   ( ) 0.05 mm.  

    10 x 10 mm.     

        

     . 

II.4.2.         

Ce2O3-CeO2 . 

  Ce2O3-CeO2      ,  

66 g/l CeCl3x7H2O (Merck),      [119-120]. 

          

 i = 0.3 mA.cm-2. T     (   100 ml) 

    ,       

~8oC.   ( )   Ti-Pt ,  

      .    

 60 ,           ~ 1 m. 

II.4.3.    . 

      ,    

   , ,   ,    

450     2     (SSt.t  CeO2-Ce2O3/SSt.t.)  

  (  )   . 

II.5.           

 . 

II.5.1.      . 

,         

      OC404 (    

),    0.1 N H2SO4 (“Merck”).    

    Ce4+    Ce(SO4)2x4H2O.   

   1x10-4 g/l  1.5 g/l. 

 7



   (Z, %)         

  : 

 

 Z = (io
corr - icorr) / io

corr x 100       (27), 

 

 io
corr  icorr      (    

)       . 

II.5.2.      . 

       Ce4+ , .  

      ,   

,    “    – 

”.       (    

)   0.1 N H2SO4,  25 ppm Ce4+.  

       25 ÷ 100 oC. 
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III.    
III.1.      -   

   OC404.   . 

           

     (       

)   .      

     .     

          

 .    ,     

     , pH,  ,   

      [122]. 

  OC404      

    ,     ,   

        .  

           

   „ ” ,       

 (2   450 C). 

 . 10     S      

   ( )    (b). Te   

    ,    :  

          

     . 

 

 

 

 

 

 

 

 

a b

0.075 m0.075 m

 

. 10. S      OC404  ( )   
(b) . 

 

 9



     (  XPS),     

         

 -       Fe  Cr   

   Al ( . 4). 
 

 4.    (  at %)      
    OC40,    . 

 
O, at. % Fe, at. % Cr, at. % Al, at. % 

 
- 450 oC - 450 oC - 450 oC - 450 oC 

SS OC404 58.3 64.9 3.1 7.2 3.4 7.0 35.2 20.9 

 
   XPS     (  

  ,      . 4)  ( . 11),  

        Fe0 (39.3%)    Fe3+ 

(60.7%);  –      (39.7%)    Cr3+ (39%)  

Cr6+ (21.3%),   –      Al3+ (100%). 
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. 11.          
 OC404  ( )    (b). 

 
      ,       

           

 ,       , 

    ,   -     .  

       (Fe, Cr, Al)  

      . 

   ,   ,     

      (N x, SOx,   CH),  

Fe0

 Fe3+
Cr0  Al3+
 Cr3+

 Cr6+

) b) ) b) ) b) 
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         (  ~ 8-10%)   

     (       

).    -    

          

 .           

         

        0.1 N HNO3  

0.1 N H2SO4. 

         

     (  -1.5 V  MSE)    (  

+1.5 V  MSE),          

             

    . 

 . 12       

  OC404,   0.1 N HNO3  (a)   (b) 

  . 

  ,       0.1 N HNO3  

        , 

        (~ -0.680 V  ~ +0.500 V). 

      E= ~ +0.900 V (    . 12 ,b)  

      .     

  Cr3+  Cr6+ ( .      ), 

  (28) [123]. 

 

2Cr3+ - 6e- + 7H2O = Cr2O7
2- + 14H+  ENHE= +1.33 V  (28) 

 

      (  ,   

   )         

  -  ~ -1.000 V  ~ -0.750 V (    . 12b). 

           

       , -   

           - 

            Cro 

[124]. 

 11



 

 

 

 

 

 

 

 

 

 

 
 

. 12.   E-lgi  SS  0.1 N HNO3  (a)   
 (b).        

    I, II  III . 
 

 ,       

(    ),       

 ( )     (Est)  . 

   ,      

  (SS)    (SSt.t.)  

 0.023 V, . 0.113 V ( . 12 ,b – ,    

).       (   

        ) ,  

  -     -   ,    

    ,       

Cr6+ (  E = ~ +0.900 V). 

 ,       .  

 ~ +0.950 V  NHE (~ 0.300 V  MSE),   

     (29,30) [123,126]: 
 

NO3
- + 3H+ + 2e-  HNO2 + H2O  ENHE = +0.940 V  (29) 

NO3
- + 4H+ + 3e-  NO + H2O   ENHE = +0.960 V  (30) 

 

        

   ( . .       

10-8 10-7 10-6 10-5 10-4 10-3 10-2 10-1 100

-1.0

-0.5

0.0

0.5

1.0

E,
 V

 v
s 

H
g/

H
g 2

SO
4

i, A.cm-2

b)

E1

Est

-1000 -500 0 500 1000

0

1

2 1

3

3
1

i, 
m

A.
cm

-2

E, mV vs MSE

1st scan

3rd scan

2

2

2nd scan

10-8 10-7 10-6 10-5 10-4 10-3 10-2 10-1 100

-1.0

-0.5

0.0

0.5

1.0

1.5

E1

Est

E,
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 v
s 

H
g/

H
g 2SO

4

i, A.cm-2

a)

-1000 -500 0 500 1000
-1

0

1

2

3

4

2,2

2nd scan

3
3

1

1

i, 
m

A.
cm

-2

E, mV vs MSE

1st scan

3rd scan
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),       .  

    0.1 N HNO3       

 (29 /  30),           

   SS ( ,   ). 

 

III.2.    0.1 N HNO3   Ce2O3-CeO2/SS  

  . 

   ,    „ ”   

   , :    ,  , 

    . ,   

               

     ,     

 . 

 . 16   -  ,  

        . 

   (   = ~1 m)     , 

  0.1 – 0.4 m,        20-30 nm 

(     100 000). 

        

     ( . 16c)    

     o ~0.2 m,      

 (   S     45 , EDS  XPS 

). 

 

2.0 m 

a c  

 

 

 

 

 

 

. 16. S     Ce2O3- 2/SS: (a)  
  (c)  . 

 13



       (2 , 450 C)    

    Ce3+  Ce4+     . 

      ( . 22)  

  Ce2O3-CeO2/SS (Est = 0.067 V)   

  Est  SS ( . 12 ,  ) ,    Ce2O3-

CeO2   Est  ~ 50 mV   . 

0 20 40 60 80
0,0

0,1

0,2

0,3

 CeO2-Ce2O3/SS t.t.
 Ce2O3-CeO2/SS 

E,
 V

 v
s 

H
g/

H
g 2

SO
4

Time, min

 

 

 

 

 

 

 

 

 

 
 

. 22.         
0.1 N HNO3     /      

. 
 

  CeO2-Ce2O3/SSt.t.      

Est    (Est = 0.261 V), . .   ~ 150 mV -   Est 
       ( . 12b, 22). 

       

 -       

         

(Ce2O3-CeO2/SS)  ,    .  

    . 

  Ce2O3-CeO2/SS   Est    200 mV -  

   CeO2-Ce2O3/SSt.t ( . 22).    ,  

           

     . ,   

   Est    (     )  

 14



,            

 . 

 . 7     XPS     

 .        

        (  9.5  2.4 at. %   

14.8  5.9 at. %   ).     

             

     Ce2O3   Ce2O3-CeO2  -

  .     0.5 V (   

)   Cr  Fe   1.5   Cr  ~ 6   Fe. 

 

 7.    (  at. %)      
 Ce2O3-CeO2/SS:    ;  

       0.5 V  0.1 N HNO3. 
 

O, at. % Fe, at. % Cr, at. % Al, at. % Ce, at. % 
   

 
- 450oC - 450oC - 450oC - 450oC - 450oC

  
 .  

64.0 60.3 0.4 3.2 1.8 3.7 24.3 18.0 9.5 14.8 
Ce2O3-
CeO2/SS   

 
 = + 0.5 V 

58.7 61.3 2.4 7.0 3.1 8.8 33.4 17.0 2.4 5.9 

 

   ,     Ce2O3-CeO2 

    SS (      

  )          

    Cr  Fe      

,        ( . 4,7).  

            

    (  29  30). 

      . IV.1   , 

    SS   Ce2O3-CeO2/SS  

  -   ,     

 : 
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 -      OC404 

         

(   NO3
–)  ; 

         ,  

         ; 

       Ce2O3-

CeO2/SS  ,    .      

     ,    ( ) 

   Cr      , 

     Cr/Fe  ; 

 0.1 N HNO3,       Ce2O3-CeO2,  

  ( ) ,      

(NO3
–)  ; 

   Ce2O3-CeO2 ,     

     ,     

       Ce2O3-CeO2/SS  

  ( ,      .),   

       . 

 
III.3.      -   

   OC404.   . 

          

       ,   , 

          

Ce2O3-CeO2/SS     (0.1 N H2SO4). 

       0.1 N H2SO4 (  

  )       

  ( . 26 ,b). ,    

         

,    ,      

 .26 . 

 ,          

E= ~ +0.900 V  MSE    ,   0.1 N HNO3. 
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     OC404     

450 C        .  

       . 26b.    

           [126]  

   (  =~ -0.800 V)     

 (    . 26b).       

   (Fe3+)   ,   . 

     Fe     

. 

 

 

 

 

 

 

 

 

 

 

 

. 26.   E-lgi    OC404  ( ) 
   (b)  0.1 N H2SO4.       

     I, II  III . 
 

       ,  

      (  ,    

)    . 

        

( )    (   - 

 )     ,    

     , . .    

      0.1 N H2SO4 ( . 29). 

   Est  SS  SSt.t. (   ),  

: Ess = -0.285 V  Esst.t. = -0.976 V. 

 

10-9 10-8 10-7 10-6 10-5 10-4 10-3 10-2 10-1 100
-1.5

-1.0

-0.5

0.0
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4

i, A.cm-2

Est

a)

-1,0 -0,5 0,0 0,5 1,0
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400
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-2

0

2

4

3

1

3
1i, 
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-1,0

-0,8

-0,6
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  SSt.t.
 SS

E,
 V

 v
s 

H
g/

H
g 2S

O
4

Fe

Time,  min

 

 

 

 

 

. 29.          
 0.1 N H2SO4       . 

 

     st     

     250 mV -      

   ( 1)  0.1 N H2SO4        

      SS [123],    

      ,       

 Cr/Fe.       

           

,    , ,   

  Est       . 

 E -      -   ( . 29). 

 -       (E1)    

 (    )  ,   

   .  5-      

  -    st  SSt.t.    

        (    

 Fe ),         

  Est     ( -0.976 V).   

       ,  

(   )   Fe    (    . 29). 

         

          . 
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) b) 

. 31. AFM      OC404,  
  0.1 N H2SO4   Est = -0.976 V. 

 

         

        ,    

    ( . 31 )    ( . 31b), ,  

    Est = -0.976 V. 

      ,   

  SSt.t.    0.1 N H2SO4       

          . 

      ,         

   .        

    „ ”,    

 ,    ,     

,    . 

 

III.4.    0.1 N H2SO4   Ce2O3-CeO2/SS  

  . 

     ,     

 [24,131,132]        ,    

          

. 

    ( . 10) ,    

Ce2O3-CeO2      ,   SS    

  (~ -0.670 ÷ +0.500 V). 

 

 19



T  10.      
  Ce2O3-CeO2/SS:    ;   

     (E- )   0.1 N H2SO4. 
 

 I, II  III 
 Ecorr,V 

icorr, 
A.cm-2

ipass, Acm-2 
E=0.5V 

 
, V E1,V Est,V 

I scan -0.893 2.25x10-6 1.04x10-5 -0.673 ÷ +0.508 
II scan -0.849 5.48x10-6 2.27x10-5 -0.740 ÷ +0.532 Ce2O3-

CeO2/SS 
III scan -0.501 2.10x10-6 2.19x10-5 -0.430 ÷ +0.529 

-0.203 0.005

I scan -0.874 3.50x10-6 1.11x10-5 -0.585 ÷ +0.496 
II scan -0.912 1.03x10-4 1.08x10-4 -0.694 ÷ +0.487 Ce2O3-

CeO2/SSt.t.
III scan -0.854 4.33x10-6 3.53x10-5 -0.766 ÷ +0.510 

0.075 0.211

 

,  (     60 )  -

      (Est = 0.005 V),  

    (Est = -0.285 V), ,   Ce2O3-

CeO2/SS   -    . 

  Ecorr,    ,  , 

     ( -  )     

  (E1)       (Est)  0.1 N H2SO4 

( . 10), ,      Ce2O3-CeO2  Ecorr  - 0.874 V 

 Est = 0.211 V (  Est = -0.976 V       

 ).   ,    , 

         . 

  -        

    Cr  Fe    

 .  . 11  ,       

    Fe  Cr  -       

         (0.4 t. % 

 3.1 t. %  1.8 t. %  3.4 t. %, . 4,11).    

           

  (   Ce ~9.5 at. %).     Cr/Fe  

4.5 (  Cr/Fe = 1.1        Ce2O3-CeO2 

). 
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 11.    (  at. %)     
 Ce2O3-CeO2/SS:    ; 

      0.1 N H2SO4   0.5 V  1.3 V. 
 

, at. % Fe, at. % Cr, at. % Al, at. % Ce, at. %  , V 
- 450ºC - 450ºC - 450ºC - 450ºC - 450ºC 

- 64.0 61.1 0.4 2.3 1.8 3.5 24.3 15.4 9.5 17.7 

+0.5 58.4 60.0 2.0 0.9 4.0 6.7 34.6 30.8 1.0 1.6 
Ce2O3- 
CeO2/SS 

+1.3 50.5 53.3 13.9 12.5 11.1 10.6 24.5 23.6 0.0 0.0 
 

      0.1 N H2SO4    

  Cr, Fe  Ce   -  .    

Cr/Fe    (E = 0.5 V)     2,   

 7.4.    (E = 1.3 V)   

   0.8  0.9.    ,   

      ,     , 

           (  

   ,      

 - ~1.6 at. %).   ,      

  0.1 N H2SO4       

   . 

    ,     

     .   ,    

 ( )     (  )  

  .   ,      ,  -

     CeO2,    

      (       )  

   . 

  ,   0.1 N H2SO4   

404          

.    -     ,  

  ,      . 

,      ,  

(  )  CeO2    Ce2O3,   

  ,       

 21



 .           

     CeO2-Ce2O3/SSt.t.   

 –          ,   

  . 

      . IV.2   , 

    SS   Ce2O3-CeO2/SS  

  -   ,     

 : 

   404      

 -  .          

 ,          

; 

    -  ,   

    ,      

     ,    

      /     

     . 

 

III.5.         

      -  .   

    . 

    , .      

     (    ),   

   st    -      

,   .       

          

       -  . 

             

  -        

(  )       (  

) -    . 

      ,    

  ,           
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  ,     .   

      ,    

           

   .         

  (8-80 min).      

 -         

 . 

        

   corr,       

 ,      ,   

        

 (  at. %)   .      

         

         

           

 . 

 . 38  ,   ,   

     SS    Ce2O3-CeO2/SS  0.1 N H2SO4. 

           

   (     )  

    ( rr).     

     ,   

        

   .    ,     

  Ce o  3.6 at.  %  13.1 at. % (  2, 3)    

        (  2)   

   (  3). -     

            

     ~ -0.450 V (    Ce   

 13.1 at. %)  ~ + 0.250 V (    Ce    25.7 at. %) - 

 4.    ,       

  C      ,     

 . 
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. 38.   E-lgi : ( ) SS (1)   Ce2O3-
CeO2/SS (2-4)  (b)     (1)    
CeO2-Ce2O3/SSt.t. (2-5)  0.1 N H2SO4. 
 

      

  (  1)   CeO2-Ce2O3/SSt.t.,   

   ,    . 38b, : 

 2 - 4.2 at. %;  3 - 6.8 at. %;  4 - 20.7 at. %;  5 - 29.6 at. %. 

 . 38b ,        Ce 

(  2-5),   corr       ~ –0.976 V (  

    )  ~ +0.165 V (  MS )    

-    .     CeO2-Ce2O3 , 

  ,   ~ -0.976 V,    

  .    corr    -

          

    ,  ,      

, a  -        Ce4+  

Ce3+. 

  ,    ,      CeO2  

  (      )   

  -     Ce2O3,   

(31,32): 

 

CeO2 + 2H+ = Ce( H)2
2+        (31) 

10-8 10-7 10-6 10-5 10-4 10-3 10-2

-1,0

-0,5

0,0
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) b)
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2Ce(OH)2
2+ + 2e- = Ce2O3 + H2O + 2H+      (32) 

 

 ,          

    ,    Ce2O3.   , 

 ,    3+   Ce2O3     

     [128],    : 

 

Ce2O3 + 6H+ = 2Ce3+ + 3H2O       (33) 

 

 ,    ,    S.A. Hayes 

  [59],     Ce3+      

 : 

 

Ce3+ + 2H2O = Ce(OH)2
2+ + 2H+ + e-      (34) 

 

          

 ,           

           

 Ce4+  Ce3+. 

   CeO2,       

 CeO2-Ce2O3/SSt.t. ,       

      ( . 38b,  1),   

         

. ,      ,    

    ~20 at. %     , 

         , . .  

   Ce3+  Ce4+,    (34).  

  ,   -    Ce (29.6 t. %)  

      . -   

        -  Ce4+/Ce3+ 

(Ered/ox= ~+1.4 V vs. NHE) [136].       

  SS OC404    ,  

 25



     ,     

Est= ~-0.976 V  SSt.t.  Est= ~+0.211 V   Ce2O3-CeO2/SSt.t. 

  ,     

  Ce2O3-CeO2         

           -  

.       Ce2O3-CeO2 , 

      ,   

   404,         

 . 

      . IV.3   ,  

    : 

         

   /     (    

,      )  

     . -    

st            

    CeO2; 

     CeO2,      

 (   / )    -

  ,         

          

   ; 

     (   Ce4+  

Ce3+)         CeO2.  

           

CeO2    (   0.1 N H2SO4) Ce2O3. 

 

III.6. -    a a Ce2O3-CeO2/SSt.t  

  . 

   -       

             

      a   

  /   0.1 N H2SO4.       
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   ,      

     450     2 .  

          

   404,     “ ”   2, . .   

     ,     

         

. 

        (  

        – 1000 )   

       SSt.t.   CeO2-Ce2O3/SSt.t., 

 E -    0.1 N H2SO4 ( . 42). 

    -    

 (  1)  ~ 50       .   

           

         ( . 43b), . .  

          

( . 10b).           

     st    (  st = ~-0.976 V). 

        st,    -

         CeO2-

Ce2O3   ( . 42,  2). 
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. 42.   (Est – )  0.1 N H2SO4  
: SSt.t. (  1)   CeO2–Ce2O3/SSt.t. (  2). 
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a) b) 

c) d) 

e) f) 

g) 

. 43. SEM   : 
)      SSt.t.; 

b) SSt.t.  50 h   
0.1 N H2SO4 (  –  );  

c) SSt.t.  1000 h   
0.1 N H2SO4; 

d)     CeO2-Ce2O3/SSt.t.; 
e) CeO2-Ce2O3/SSt.t.  50 h  

 0.1 N H2SO4; 
f) Ce2O3-CeO2/SSt.t.  800 h  

 0.1 N H2SO4.; 
g) Ce2O3/SSt.t.  1000 h  

 0.1 N H2SO4.
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 -   ( . 43)    

    ,       

   (  50-   )          

 ( . 43b,c).    . 43e     , 

    -    50    

 .          

    50- ,    1000-     ( . 43g)  

    ,  - . 

         . 

. 44a,    ,      

    SSt.t.   CeO2-Ce2O3/SSt.t..    

  (  1),        CeO2-Ce2O3, 
           

,   -  ~50-       

 ,       [136]. 
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CeO2-Ce2O3/SSt.t.  1000 h   0.1 N H2SO4. 
 

   -     (  2)   

     -     ,    

400-1000-    .  . 44b      

   ( , g.cm-2)  1000       

 .   ,        

         40 %. 
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     ,    XPS , 

  ,         

   /        

0.1 N H2SO4 ( . 13).     18, 200, 250, 400  1000  - 

  .   200-400  Est    

( . 42,  2),   600        

,   ~ +0.060 V (  1000 ). 

    ,     CeO2-Ce2O3/SSt.t. (  

  0.1 N H2SO4)      (   Ce4+ 

    CeO2),    ,   

 ( . 13).  18     0.1 N H2SO4   

     .     

  53.5  23.5 at. % ( . 13),      Ce3+,  

  Ce(OH)3  Ce2O3. 

 

 13.    (  at. %)     
  CeO2-Ce2O3/SSt.t.      0.1 N H2SO4. 

 
  

, 
h 

Est,V O Al Fe Cr Ce 

. - 44.5 1.2 0.1 0.7 53.5 

18 0.169 71.4 3.2 1.0 0.9 23.5 

200 0.249 88.4 0 0 0 11.6 

250 0.236 86.9 0 0 0.4 12.7 

400 0.239 87.0 0 0 0 13.0 

1000 0.060 62.7 28.9 1.0 7.1 0.3 
 

 ,    1000      

     0.3 t. %.      

        ,   

         CeO2   

,    ,   (31-34). 

    ,     

(31-34),         (  
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).        ,  

  ,     Cr / Fe,       

  . 

 ,         

           [123,136]. 

     ,     

       -  

,   Cr       ( . 13). 

       Cr    

     ,     

         ( . 46,  2  1). 

    . 46,     Cr     10-4 . -2, 

  Fe – 10-1 . -2. ,  (   )   

  ,         

      Ce4+  Ce3+,   , 

     Cr,     . 

,   ,        Al 

(5%),            

 ,         Al  

    . 
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. 46.   -lgi  : Fe – 1, Cr – 2     
Al – 3  0.1 N H2SO4. 
 

 . 46 (  3)       

  Al  0.1 N H2SO4.     ,  
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    ( .      ) 

 Cr (  2). 

          

     Al, . Al2O3,    

      CeO2-Ce2O3/SSt.t,   Al 

   . 

           

    -    [136], . .  ,  

    Cr      

         [139]. 

     ,     ,  

       Al2O3. 

           

   ( . 47),   (  1  3)   (  

2  4)     1000    . 

  ,  corr      -

         . 

 

 

 

 

 

 

 

 

 

 

. 47.   E-lgi 
 : SSt.t. ( -1); SSt.t.  1000 h 

  0.1 N H2SO4 ( -2)   
 CeO2-Ce2O3/SSt.t. ( -3); 

Ce2O3/SSt.t.  1000 h   
0.1 N H2SO4 ( -4). 

   SSt.t.  

CeO2-Ce2O3/SSt.t.   

    1000 , 

corr  SSt.t.   

    

(  ~ -0.750 V) –  1, . 2, 

 corr   CeO2-

Ce2O3/SSt.t.   

 (  3  4).  

     

     

CeO2-Ce2O3. 
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   ,     corr    ,  

      - . 

   -    ,  SSt.t.    

  CeO2-Ce2O3, . .  corr      , 

      - . 

  ,  -      

   (   CeO2    Ce2O3,  

   )  ,      

     ,       

  Ce2O3 (  33).          

      ,       

   .      (A   

      - I P-AES) ,  

       ,   

     .      

. 14. 
 

 14.   Cr, Fe, Al  Ce    ( g/ml), 
        

  (ICP-AES). 
 

, h Est, V Cr Fe Al Ce 
 

 - 0 0 0 0 

200 0.249 0.006 0.08 0.015 0.26 

250 0.236 0.014 0.10 0.023 0.27 

350 0.258 0.006 0.08 0.015 0.20 

600 0.228 0.006 0.08 0.015 0.20 

1000 0.060 0.047 0.66 0.13 1.54 
 

   1000       

CeO2-Ce2O3/SSt.t.,      , 

   ,       . 14.  

 600-   st     0.150  0.250 V,    600-1000 
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 st    0.060 V.       

       ,    

   (31-34)    : 

 

Me – ne-  Men+,   Me = Fe, Cr, Al     (35) 

 

   ,   st     

( st = ~0.250 V),   Ce, Fe, Cr  Al     

,    .    1000 ,  

         , st 

     .      

          

 ( . 14). 

      . IV.3     

    : 

      ( st)  

 CeO2-Ce2O3/SSt.t.   o        

 ,        

(0.1 N H2SO4),        

 , st  ,      

 ; 

       

     (  ,    

  ,     ).    

        ; 

        ,  

  CeO2-Ce2O3  SS    ,  

     (  1000 ),  

        .    

           CeO2,   

     ,   
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        Ce2O3,  

    . 

 

III.7.         

     OC404  0.1 N H2SO4. 

III.7.1.    SS  SSt.t.              

0.1 N H2SO4,  4+ . 

 -        

          

   .         

,           

     .    

  0.1 N H2SO4, . .    HN 3  

       . 

 . 51     -  (    

),     SS  SSt.t.  0.1 N H2SO4,     

  4+,    Ce(SO4)2.4H2O.    

    Ce4+ -  ,    

        ,    

   . 

  ,      4+  

  st  SS        

  (  ~-0.316 V  ~+0.570 V). 

 SSt.t.       -0.942 V (   
4+  0.1 ppm)  ~-0.175 V (    4+  0.9 ppm).  

 20 – 30     4+  (15.4-25.3 ppm) 

    st,      ~ -0.150   

~-0.120 V. 

  20-50      4+  (500 - 

1000 ppm) st          ~+0.510 

 ~+0.570 V,     st   SS   

  . 

         

           Ce4+  
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Ce3+.        Ce4+   Ce3+ (  

       )  

  ,       

,      , 

   -   Ce3+/Ce4+ (  

   Ce4+)      ( . 57). 

 

 

 

 

 

 

 

 

 

 

 

. 51.        
 ( )    (b)  0.1 N H2SO4   

 Ce4+. 
 

  [136]         

   .       

     ( .  )  

          -

 ( .  )   Ce4+/Ce3+   

. 

      ,     

     -  

   Ce3+/Ce4+      ( . 57  . 

17),      ,      

      ,    

  .        -

   -     

Ce3+/Ce4+. ,        
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         Ce3+/Ce4+   

Pt        ,    

       Ce3+/Ce4+.    

 -   “ ”  SSt.t     

       (~1x10-8 . -2)    

   -   Ce3+/Ce4+. 

 

 

 

 

 

 

 

 

 

 

. 57.   E-lgi  
Pt   0.1 N H2SO4  Ce4+ . 

 

  

   

  

-  

    

 ,  

    

   

. 

 

10-7 10-6 10-5 10-4

 

          

(Ce4+ + e-  Ce3+),         

    -  ,     

   ,      . . 

“  ” [143]. 

 

 17.     3+/ 4+  
0.1 N H2SO4  Ce4+ . 
 
 

 

 

 

 

 

 

 Eo, V io, A cm-2

Pt ( ) 0.070 2.2 x 10-7

Pt  0.3 ppm 0.107 8.9 x 10-6

Pt  25 ppm 0.135 6.4 x 10-7

Pt  1000 ppm 0.331 6.1 x 10-7

Pt  1500 ppm 0.722 7.7 x 10-7
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      . IV.5     

    : 

    C404  -   

  ,        

 .       

          -  

        . 

  ,    ,      

  ,     , 

            

     ; 

 ,    ,    

            

,          

0.7 V   ,        

     .        

          

 ,    , .  ,  

        4+/ 3+. 

  ,     Ce4+ ,     

     -  ,    

      SSt.t.    .   

        Ce4+  Ce3+,   

 -    Est  SSt.t.    

             SSt.t. 

    .         

          

; 

        

   SS  SSt.t.      

 .   -   

,          

(      )   .   

          , . 
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  ,    ,   (    SSt.t.)  

 (    SS)  , .    

 . 

 

IV.  
 

     ,   

      Sandvik 404   

        -  

  (NO3
–)    ,   

  , .   . , 

    -   ,  

        

, ,         

  ,      .  

  ,      -  

            

   “   / SS”    -    

        . 

          

          “CeO2–

Ce2O3 / ”,          

    -   .    

-       ,  

       , 

         

            CeO2  

Ce2O3.            

     ( ),     

    Ce2O3    -   

    CeO2.       

,   -      -   
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    ,     

       4 . %. 

 ,    Ce2O3        
 ,    ,     

      ,    

, .  ,       

     4+/ 3+. 

  ,     -  

    ,      

 ,      (     

  )      / .   

   “ ”       

  . 

      ,     404 
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SO , ,   .),        
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V.      
 

1.  ,       

  Sandvik 404 (SS)       

    -   (NO3
–)  

  ,     , . 

  . 

2.  ,       -   

-        SS    

  /      ,  

  “ ”   (  )   

, .       SS. 

3.           

     “CeO2–Ce2O3/SS”,   -

        

 ,         

 CeO2  Ce2O3. 

4.  ,    Ce2O3      

   ,    ,     

   SS   ,    , 

.  ,        

    4+/ 3+. 

5.     ,      ,    

   (       NO , SO , , 

  .),        

 . 
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