
ISSN 2079-1704. , . 2014. . 5.  2. . 197-203 
______________________________________________________________________________________________ 

© . , . , . , 
. , . , 
. , 2014                                                                      197 

 544.47:547.261:547.533:547.538.141:547.534.1 
 

. , . , . , . , 
. , .  

 
 

 
 

 
. , 1, , 02660, , E-mail: vljjj@mail.ru 

 
,  

.  
 KX, RbX  CsX .  

.  
,  

,  
. 

: , , , , , ,  
 

 

-
 
 

  
.  

90 % .  
 

 –  
-

 –  
 

.  
,  

 
: 

 

 
 

,  .   
. [1, 2],  

 
.  

 
 

. ,  
 –  

 – , -
,  

, . ,  
: 

,  
 [1–3]  

,  
; , 

 [4],  
 

. ,  
. 

 –  
 
 

. 

 

 
 Na  (SiO2/Al2O3 = 2.3) 

 “ ” ( , 
,  38.102168-85)  

.  
,  

mailto:vljjj@mail.ru


. , . , . . 
_________________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  2 198

 1 N  
 (  :  

 : ) 1 : 5).  
150 °  2  

 
.  

 
, . 

 
 

 NO3
- .  

 KX, RbX  CsX. 
 Na  

 
.  

2  380 ° , 
,  

 
 

. , 
,  

.  
 

: NaX/Cs, KX/Cs, RbX/Cs  CsX/Cs. 
 (  0.063–0.1 ,  

0.1 )  – 
 " -530"  

 
 –  

 
.  – 50 ,  
 – 0.25 .  

 " -60",  
10 %- .   

 
 3  500 °  

 (  
– 30 3 ) 3 .  

 400–500 °  
 10 3 .  –  

 – 1 : 1 ( )  
2 : 1 ( ) –  1  

 –196 ° . 
 

 75 ° ,  
 30  300 3  

 75 3 . 

 

 
 (  

)  10 %  
. 1 ).       

92–99 %  400 °  100 %  475 °  
. 1 ).  

 
CsX < RbX < KX < NaX,  

.  
,   CsX,  

 
 

. 2 ),  20 %. 
,  

 
 

 ( . 2 )  –   
,  

 
. 

,  
 

,  
 [5],  

 
 
 

 [6]. ,  
 
 

,  
 [3]. ,  

 –  
 
 

 [3].  
 

. 
 

,  
,  

-
, ,  

.  
, ,  

 ( . 1 - ),  
 – 

 
 NaX  

. 2 ).  ,   
 

-
. 

,   
 

:  
,  CsX,                



 
______________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  2 199

99–100 . %  400 ° . ,  
, ,  

 
. 

 

  

  

. 1. ,  ( , ), , , * ( , 
):  – NaX,  – KX,  – RbX,  – CsX 

  

  

. 2. , S  ( , ),  ,  S  ( , ),   I   
:  – NaX,  – KX,  – RbX,  – CsX 

 
 

 



. , . , . . 
_________________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  2 200

 CsX  
 –  94  .  %,   475  °  
 100 . %. , -

 ( -
)  

. 
 NaX   

 (  
)  

 
.  

 [1, 7, 8],  
 

) 
 

. ,  
,  

[9], . ,  
 Rb-  Cs-  

 
,   

,  
,  –  

 
 

,  
 [3]. 

, ,  

 
 

.  
. 

,  
 ( , 

 [7, 10])  
. , 

 
 (  

)  
, 
 

. 
 –  

 – ,  
 

 ( . 3, 4). 
,  5–10          

7–22 . %,  RbX/Cs – 
 35 . % ( , . 3 ).  

/Cs   
.  

 ( .  3  ):  
 K  KX/Cs  

97  89 %  400 ° ,  
 500 ° . 

 

  

  
.  3. ,  ( , ), , , * ( , 

):  – NaX/Cs,  – KX/Cs,  – RbX/Cs,  – CsX/Cs 

  



 
______________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  2 201

-
,  
,  Cs- 

 Rb- .  
 

-
 

. 4 - , - ),  
 

, -
. 

 
, ,  

, -
 ( . 3 - ) 
 ( . 3 - ). 

,  ,   
 

,  
NaX/Cs ( . 4 ). 

 

  

  
. 4.  S  ( , )   S  ( , )   I   

:  – NaX/Cs,  – KX/Cs,  – RbX/Cs,  – CsX/Cs 
 

 
 
 

.  
 

NaX/Cs  
 
 
 

. 

 

 
 
 

,  

.  
 
, 

.  
– . 

 
 
 

, . 
 
 

,  
, ,  

. 
 
 



. , . , . . 
_________________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  2 202

 
 

 
 

. , . , . , . , . , .  
 

 
. , 1, , 02660, , vljjj@mail.ru 

 
,  

.  
 KX, RbX  CsX . 

 
. ,  

 
, , ,  

. 

: , , , , , 
,  

 
 
 

Toluene with methanol alkylation toward styrene on zeolite  modified with alkaline metals 
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Na- and K-forms of zeolite X have been determined to be the most selective in toluene with methanol 

alkylation toward styrene. It has been shown that KX, RbX  CsX impregnated with cesium nitrate as 
opposed to the sample NaX leads to improvement in the aim reaction selectivity. The selectivity changing 
is explained by altering the ratio of catalyst acid and base characteristics. It is concluded that catalyst' 
basic function in the reaction studied is defined by additional cesium compounds, while the nature of ion-
exchange cations determines primarily the acid is component of activity. 

Keywords: zeolite X, basic sites, acid sites, toluene, methanol, alkylation, styrene 
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