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,    280-

390° , ё     
1000-3000 

-1
    

.   
    320–380 C, 

  500–3000 -1,  
  PC6H12=0.05–0.14 ; 

PO2=0.07–0.25 . 

   
 NaY (SiO2/Al2O3=λ=4.2), Na  

(λ=2.9), NaA (λ=2.0)    - 

 (λ=8.68)   (λ =9.6) 

 , 
   

    (Zn, 
Cu, Co, Cr, Mn, Fe, Mg,   . .). 

   
  .  

ё       

    
ICP-MS Agilent 7700.  
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   , 

 ё   
 .   

     
3 ,  - ,   

-  ё  

    50 
 200° .    

     
«Agilent 7890»    
«Agilent-5975»   -5 MS  
30 . 

 

    

   
  

   
   

  -1,3 

   1.   
 ,   

    
 Zn    

    
  

 ( . №1,2).  
   

,  

 Cr
3+

, Cu
2+

  Co
2+

,  
    , 

    
 ( . № 3-5);   

 15.5, 12.5  9.8% 

.     
-1,3     

.     
  (Cu

2+
,Cr

3+
  

Co
2+

, Cr
3+

)    
  -

1,3.      
   ( . № 

7,8).     
   (Zn

2+
)   

  -1,3. 

     
 ( . № 12, 13).  

  -1,3 

   , 

  Cu
2+

, Cr
3+

, Co
2+

  Zn
2+

 

( . №19, 20).  , 

  Fe, Mn, Sn, 

Mo, Ni,    
    
  

 ( . № 9-18)  
-1,3. 

   ,  
    

  
  -1,3  

 ,  

Cu
2+

 - 0.5, Zn
2+

 - 0.2, Co
2+

 - 0.1  Cr
3+

- 0.1 

.%. ( . № 19). 
 

 
. 1.       -

 (T — 380°C, V  — 2000 
-1, 6H12:O2:N2=1:1:5,3) 

№ 
   

 , . % 

 

,  % 

 
 

, . % 

  , . % 

C6H10 C6H8 C6H6 C6H10OH C6H10O CO2 

1 - 14.8 6.1 10.8 0.9 1.7 0.3 0.8 0.3 

2 Zn (0.2)* 14.3 2.8 0.7 0.4 0.3 12.1 — 0.8 

3 Cr (0.1) 49.3 9.5 8.8 4.7 15.5 7.9 10.5 1.9 

4 Cu (0.5) 49.7 5.8 3.6 2.9 12.5 10.5 17.7 2.5 

5  (0.1) 41.6 9.4 6.9 3.9 9.8 6.5 10.6 3.9 

6 ZnNi (0.2:01) 18.2 2.7 0.8 0.5 0.9 14.8 — 1.2 

7 CuCr (0.5:0.1) 39.3 13.9 0.9 5.5 9.8 7.9 8.6 6.6 

8 CoCr (0.1:0.1) 44.1 18.6 5.4 8.2 9.9 10.8 5.5 4.1 

9 CuSn (05:0.1) 34.1 9.6 2.2 3.3 1.3 6.1 15.3 5.9 

10 Cu n (05:0.1) 33.9 12.1 3.8 4.1 7.5 — 13.8 4.7 

11 CuFe (0.5:0.25) 14.6 54.1 0.6 7.9 1.7 3.7 — 0.7 

12 ZnCoCr(0.2:0.1:0.1) 39.2 30.3 4.8 12.5 4.9 8.5 2.2 6.3 
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13 ZnCuCr(0.2:0.5:0.1) 35.5 21.8 0.5 8.4 4.5 6.7 7.9 7.5 

14 CuCoCr(0.5:0.1:0.1) 47.9 21.5 4.5 10,3 6.4 11.5 8.4 6.8 

15 CuZnCo (0.5:0.2:0.1) 45.6 25.8 16.7 11.8 2.1 7.2 6.5 1.3 

16 CoMnCu (0.1:0.5:0.5) 16.3 41.7 3.5 6.8 1.3 — 3.8 0.9 

17 CoMnCr (0.1:0.5:0.5) 43.1 20.6 11.3 8.9 16.7 — 4.9 1.3 

18 CoMoCr (0.1:0.5:0.1) 41.4 7.97 7.8 3.3 2.9 13.7 9.3 4.4 

19 CuZnCoCr (0.5:0.2:0.1:0.1) 35.8 65.1 — 23.3 0.5 7.1 — 4.9 

20 CuZnCoCr (2:2:1.0:0.5) 54.4 29.7 2.5 16.2 3.9 16.9 13.5 1.4 

*-         .%. 

 

  2   
   

    
  

  
-1,3.    

 . 2,  , 

  Zn, Cu, Cr, 

Co, Fe  Ni,   
    

  
  

-1,3 ( .№1-6). 

   
     

 , 

  Co
2+

  Cr
3+

 

( .№11-15).     
   

Zn
2+     

   ( . №16,17). 
,   Cu, 

Zn, Co  Cr,    
    

    , 

 , Co  Cr3+
 ( . 

№14,18).  ,   
.2, ,  , 

; Co
2+

 - 0.5  Cr
3+

 - 0.25 .%,  

    
   

  -

1,3

. 

 
. 2.       

 (T — 380°C, V  — 2000 
-1

, C6H11CH3:O2:N2=1:1:5,3) 

№ 
   

 , . % 

 

,  
% 

 
 

, . % 

  , .% 

C6H9CH3 C6H7CH3 C6H5CH3 CO2 

1 Zn (0.2)* 7.6 7.9 0.9 0.6 5.2 0.9 

2 Cu (0.5) 28.9 1.03 3.8 0.3 8.5 16.3 

3 Cr (0.1) 21.4 21.02 5.9 4.5 9.5 1.5 

4  (0.1) 19.4 19.6 6.2 3.8 7.4 2.0 

5 Fe (0.25) 21.4 - 1.5 - 6.7 13.2 

6 Ni (0.1) 50.2  - - 40.3 9.9 

7 CuFe (0.5:0.25)  34.6 6.4 3.2 2.2 10.3 18.9 

8 Cu  (0.5:0.1) 32.5 10.8 5.8 3.5 15.7 7.5 

9 CuCr (0.5:0.1) 28.6 7.7 3.9 2.2 19.8 2.7 

10 ZnCr (0.2:0.1) 18.8 4.3 1.9 0.8 14.5 1.6 

11 CoCr (0.1:0.1) 32.7 30.3 3.6 9.9 13.9 5.3 

12 CoCr (0.5:0.1) 37.4 28.9 5.8 10.8 12.3 8.5 

13 CoCr (1.0:0.1) 41.1 23.4 5.2 9.6 13.8 12.5 

14 CoCr (0.5:0.25) 49.8 28.9 7.2 14.4 15.6 12.6 

15 CoCr (0.5:0.5) 53.9 12.1 1.9 6.5 35.7 9.8 

16 ZnCoCr (0.2:0.5:0.25) 45.9 23.3 12.5 10.7 10.9 11.8 

17 ZnCoCr (0.2:0.5:0.5) 49.4 13.9 13.5 6.9 21.5 7.5 

18 CuZnCoCr (0.5:0.2:0.1:0.1) 37.4 22.7 5.3 8.5 9.9 13.7 

*-         .%. 
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q0 =  (q +500),          (1) 

 500 /  -   
   , q  – 

     
  

   [9]; 

q (Cu)=478 / , q  (Zn)=240 

/ , q  ( )=418 / , q  

(Cr)=753 / . 
    

     
     

 (1); q0 ( u)=489 / - , q0 
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,    1,   
    

    
     

    
  

,    
 - 

 

 

 

 

 

-1,3,   .  
   
-  

 

 

 

     
  .2.  
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 : {M1(1), M2(2), M3(3)}  
{M1(1), M2(4), M3(3)}. -   
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  ,  

 -1,3, 

  ,  

    
, Zn=0.  

ё    
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    - 
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{M1(2), M2(3), M3(3)}  {M1(4), M2(3), 

M3(3)}. 

 ,  
    

    

-  

и .2.    
   

  
-CuCrCoZn (i-  , i 

=1-4; 1- Cr
3+

, 2- Cu
2+

, 3- Zn
2+

, 4- C
2+

)  
 . 
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  4  5 ,      
          

   .  ,   
    ,    

    ,    ,  
    ,     

 . 
       

-1,3        
  : 

 

 

 

O2+2Z1 2Z1O  

O2+2Z2                2Z2O  

(Z1 +Z2O)+C6H12              (Z1O+Z2O)C6H12 1 

      (Z1O+Z2O)C6H12                     C6H8+ 2H2O +Z1+Z2 1 

C6H12+O2=C6H8+2H2O 

       

2O
2
111 Pθkr 

,
2O

2
222 Pθkr 

,
126HC333 Pθkr 

,
444 θkr   

    
r=r1=r2=r3=r4, 

 θ1, θ2, θ3  θ4-     ,  
 ,  -     

 

k1 

и .4.   (Х)  

 (1)   ( )  
  (2),  (3) 

  (4)     
   C6H12:O2:N2=1:1:5.3 

 =3800   

и .5.   (Х)  

 (1)   ( ) 

   (2),  

 (3)   (4)  
     

 C6H12:O2:N2=1:1:5.3  =3800   

k2 

k3 

k4 
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        : 

O2+2Z3              2Z3O                                                                 

O2+2Z4                2Z4O                                                                

O2+2Z5 2Z5O                                                                

(Z3 +Z4O+ Z5O)+C6H12            (Z3O+Z4O+ Z5O)C6H12                1 

(Z3O+Z4O+Z5O)C6H12                  C6H6+3H2O +Z3+Z4+Z5       1 

C6H12+1 O2=C6H6+3H2O 

 

   :

(2) 

k6 

k8 

k9 

k7 

k5 
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Pk
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k
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: 

 

O2+2Z6                  2Z6O                                                     

 Z6O+C6H12               Z6 C6H12                                                           1  

Z6OC6H12           C6H10 +H2O +Z6                                                1 

C6H12+1 O2=C6H10+H2O 

    

2

2

101010 OPθkr 
, 126111111 HCPθkr 

,     12129 θkr 
.
 

    

r=r10=r11=r12, 

 θ10, θ11, θ12 -     ,  

 ,  -     
; 

1121110  θθ  
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126 θ
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θ HC

, 2

1 26
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1111
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2
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11

2

10

11

10
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1
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14
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2
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2
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k
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Pk
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Pk

Pkrr
HC

HC

O

HC

O

HC

HCHC

.

 

  
  

   
 

   
 CuZnCoCr-  
   3. 

 
                                          . 3.    

 
 

,  

ё  
, 

-1
 

T,
0
C 

 
, . 

% 

  , . % 

126HCP  
2OP  C6H10 C6H8 C6H6 C6H10OH CO2 

0.12 0.07 2000 320 22.2 4.6 2.1 1.4 0.7 0.1 

0.12 0.12 500 340 30.3 1.3 6.8 11.2 5.9 5.1 

0.05 0.18 2000 380 47.5 16.5 1.2 0.5 5.4 2.9 

0.12 0.25 2000 380 44.8 2.8 23.3 7.2 4.4 7.1 

0.05 0.14 2000 340 27.1 0.8 4.1 6.5 6.8 8.9 

0.10 0.14 2000 340 24.6 3.4 9.9 5.3 2.5 3.5 

0.12 0.14 2000 340 23.2 4.3 11.7 4.3 1.1 1.8 

0.14 0.07 2000 360 15.6 2.3 9.6 2.2 0.8 0.7 

0.25 0.17 2000 360 38.8 3.8 20.2 7.5 2.9 4.4 

0.3 0.25 2000 360 47.6 4.5 21.5 10.6 5.4 5.6 

0.12 0.14 2500 320 12.5 5.8 4.1 1.2 0.5 0.9 

0.12 0.14 3000 340 20.9 5.7 12.4 1.5 0.6 0.7 

0.12 0.14 3000 360 31.7 4.9 19.8 3.3 1.5 2.2 

 

,  2  
   

 ,   

-1,3   
 ,   

   
    

    , 
 ,  

 ,  : 

 2265544332211

2611131

1
2

PKPKPKPKPKPK

PKPKk
r
CO




      

 2265544332211

2633142

1
2

PKPKPKPKPKPK

PKPKk
r
CO




 

 2265544332211

2644153

1
2

PKPKPKPKPKPK

PKPKk
r
CO


  

 265544332211

633161

1
116

PKPKPKPKPKPK

PPKk
r

OHHC


  

 

1

OHHC

2

CO

1

HCHC 1162106106
rrrr   

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
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3

CO

1

HCHC 28686
rrr   

1

HC6HC 666
rr   

3

CO

2

CO

1

COCO 2222
rrrr   

1

OHHCOHHC 116116
rr   

 

 (9)-(13)  
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.   

 

   00 lnln ii Kk , 

   0

iE    
 0

iQ    
«  »    

   
« »,     : 








 












m

j

n

i jiA

jiAjiA
F

1 1

2

эк

а чэк
min

 

а ч
ji

A,
эк
ji

A –      i-    j-  , 

m–  , n–  . 
 

иц . 3.      

 00 lnln ii Kk   00
ii QE , /  

0

1kln  
15.71 

1E  34.86 

0

2kln  
4.56 

2E  46.20 

0

3kln  
-0.16 

3E  46.16 

0

4kln  
-2.63 

4E  28.27 

0

5kln  
7.10 

5E  18.73 

0

6kln  
11.9 

6E  25.45 

0

7kln  
29.72 

7E  32.21 

0

8kln  
3.93 

8E  16.8 

0

9kln  
-2.39 

9E  16.76 

0

10kln  
12.44 

10E  35.24 

0

11kln  
16.37 

11E  16.8 

0

12kln  
6.94 

12E  30.95 

0

13kln
 

20.86 
13E  147.63 

0

14kln  
-10.51 

14E  167.12 

0

15kln  
41.52 

15E  90.51 

0

16kln  
23.17 

16E  74.84 

 (10) 

(11) 

(12) 

(13) 
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0

1Kln  
23.16 

1Q  10.46 

0

2Kln  
1.02 

2Q  46.20 

0

3Kln  
8.75 

3Q  35.99 

0

4Kln  
6.84 

4Q  46.20 

0

5Kln  
25.48 

5Q  13.39 

0

6Kln  
3.027 

6Q  10.46 

 

   
    . 

3.  ,   

   
    10–15%. 

 

 

1.    
   

 , - 

     - 

    (Ni
2+

, 

Co
2+

, Cr
3+

, Zn
2+

, Cu
2+

, Mn
2+

  Mo
2+)   

  
   

  
   . 

2. ,    – 

,   Co
2+

 - 0.5  Cr
3+

 - 

0.25 .%,    
    

  -

1,3,     - 

   -1,3 

    
,  Cu

2+
 - 0.5,  Zn

2+
 - 

0.2, Co
2+

 - 0.1  Cr
3+

- 0.1 . %. 

3.    - 

    -

   
.  

4.    
     

   
  .  
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 OXIDATIVE DEHYDROGENATION OF NAPHTHENIC HYDROCARBONS ON 
METAL-ZEOLITE CATALYSTS 

A.M.Aliyev, Z.A.Shabanova, A.İ.Karimov, U.M.Nacaf-Kuliyev  

Acad.M.Nagiyev Institute of Catalysis and Inorganic Chemistry 

H.Javid ave., 113, Baku AZ 1143, Azerbaijan Republic; e-mail:kerimov.alibala@mail.ru 

Catalytic activity of modified zeolites in the reaction of oxidative dehydrogenation of cyclohexane and 

methylcyclohexane has been analyzed and to reveal that catalysts based on natural clinoptilolite modified 

by cations   Cu
2+

, Zn
2+

, Co
2+ 

and Cr
3   

display the highest activity in the reactions mentioned above. A role 

of components of catalytic system in the reaction of oxidative dehydrogenation of naphthene hydrocar-

bons has been identified. A kinetic scheme of mechanism of the reaction progress has been suggested and 

a kinetic model of the process on the basis of a phasic diagram developed. Also, numerical values of ki-

netic parameters have been calculated. 

Keywords: cyclohexane, 1,3-cyclohexadiene, methylcyclohexane, 1-methyl-1,3-cyclohexadiene, zeolite mo-

lecular sieves. 

  

METALSEOLİT KATALİZATORLARI ÜZƏRİNDƏ NAFTEN 
KARBOHİDROGENLƏRİNİN OKSİDLƏŞDİRİCİ DEHİDROGENLƏŞMƏSİ 

 
A.M.Əliyev, Z.A.Şabanova, Ə.İ.Kərimov, Ü.M.Nəcəf-Quliyev 

AMEA-nın  akad. M.Nağıyev adına Kataliz və Qeyri-üzvi Kimya İnstitutu 

AZ 1143, Bakı, H.Cavid pr., 113; e-mail:kerimov.alibala@mail.ru 

Tsikloheksan və metiltsikloheksanın selektiv oksidləşdirici dehidrogenləşməsi reaksiyasında modifikasiya 
olunmuş seolitlərin katalitik aktivlikləri öyrənilmiş və müəyyən olunmuşdur ki,  Cu2+

, Zn
2+

, Co
2+

və  Cr
3+

  

kationları ilə modifikasiya olunmuş təbii klinoptilolit katalizatoru göstərilən reaksiyalarda yüksək aktivlik 

göstərir.  Naften karbohidrogenlərinin oksidləşdirici dehidrogenləşməsi reaksiyalarında katalitik sistemin 
komponentlərinin rolu müəyyən olunmuşdur. Reaksiyanın getmə mexanizminin kinetik sxemi təklif 

olunmuş və mexanizmin mərhələli sxemi əsasında kinetik model hazırlanmışdır. Kinetik parametrlərin 

dədiq qiymətləri hesablanmışdır. 

Açar sözlər: tsikloheksan, 1,3-tsikloheksadien, metiltsikloheksan, 1-metil-1,3-tsikloheksadien. 
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