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1. Introduction  

The intracrystalline diffusion of the small molecules (reactants and products) within zeolite catalyst 

(crystals of micrometer size) is slow, and represent large limitation of the catalyst efficiency. It can 

be avoided introducing mesopores to the crystals during synthesis (adding mesoporous template 

such as CTAB) or by postsynthesis treatment (desilication and dealumination).  

 

Another important parameter in catalytic transformation of methanol-to-olefin is the number of active 

catalytic sites (Lewis or Brønsted acid places). Their number can be increased introducing some 

heteroatoms into framework by postsynthesis treatment such as wet impregnation.  

 

2. Experimental  

The adopted “classical” hydrothermal synthesis1 was made in Teflon lined autoclaves using following 

procedure: First, aliquot (half) from stock solution of NaOH was added, then redistilled water and 

NaAlO2, mixture was stirred using magnetic stirrer until complete dissolution (about 10 min).  

Then, in second vessel comes other half of NaOH solution and slow addition of tetraethilortosilicate 

(TEOS) and stirring until complete hydrolysis (4 h). Then gel formation by addition of Al component 

to Si solution what is followed by heating at 180 °C, for 65 h. Obtained product was washed, dried 

and slowly calcined at 600 °C in the stream of air (to remove template). H-form of the sample was 

obtained by ion-exchange (1.0 M NH4NO3) and heating. Post-synthesis treatment to obtain 

mesopores (hierarchical structure) was made by dealumination/desilication using 5 M NH4F or NaOH 

solutions. Oxide form of the chemical composition of the starting mixture was: 

3.82 Na2O × 1.0 TEAOH × 1.0 Al2O3 × 19 SiO2 × 580 H2O 

Direct synthesis of hierarchical structure was made using similar procedure. CTAB was added to the 

reaction mixture 20 min before beginning of heating to 180 °C, and the starting chemical composition 

was: 

3.82 Na2O × 1.0 TEAOH × 1.0 Al2O3 × 19 S iO2 × 580 H2O × 10 CTAB 

Second part of the post-synthesis treatment was wet impregnation using 1.0 M solutions of Al3+ 

(nitrate) and Sn4+ (cloride) ions3 and consecutive heating (3 h at 500 °C).   

 

3. Results and Discussion 

Hierarchical zeolite was synthetized using “classical” hydrothermal method without seeds (adopted 

from ref. 1.) and consecutive desilication/dealumination using 5 M NH4F. Another way of preparation 

was by addition of second (mesoporous) template CTAB directly to starting mixture.  

 

Figure 1 show that classical synthesis gives pure Mordenite, while addition of CTAB causes a partial 

amorphous phase, but part of mesoporous structure can be seen on right side of Figure 2.  
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Figure 1. PXRD of Mordenite obtained by “classical” hydtothermal synthesis (blue) and using 

mesoporous template – CTAB (black). 

 

  

 

Figure 2. Large Mordenite crystals obtained by “classical” synthesis (left side) and using 

mesoporous template – CTAB (right side). 

 

 

4. Conclusions 

In spite of material degradation (amorphization) after each thermal treatment, increase in number 

of active sites was observed after postsynthesis treatment by wet impregnation with both Al3+ and 

Sn4+ ions.  
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