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Very Large Pore Zeolites 
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In the early 1960's, the catalytic ability o~ zeolites wa~ discover~d, and found to be u~eful 
in a variety of areas especially in the petroleum mdustry .1 Smee then, mdustry and acadeinia 
both ha.ve endeavor~d to expand the body of knowledge on this class of compounds. The result of 
this effort bas been the development of new properties and structures, as well as the development 
of new uses for these catalysts. One such recent development is the discovery of unusually large 
pore zeolites. These have the advantage th~t !hey can accommodate th~ l~ger organic molecules 
into their pores, but at the expense of select1v1ty. In order to combat this, mdustry has resorted to 
mixing the large pore zeolites with zeolites containing smaller pores. While this method works, 
the ideal situation would be a zeolite that is capable of both breaking down large organics while 
retaining the size and shape selectivity desired. 

Figure 1 

One such way to possibly accomplish this would be to have a zeolite with both types of 
pores. One such zeolite, MCM-22, has recently been synthesized by a group at Mobil.2 The 
XRD pattern and the HREM images of this zeolite have revealed that the structure contains 
intralayer 10 MR sinusoidal channels as well as 12 MR interlayer cages with 10 MR windows. 
The topology has been shown to be similar to that of the dodecasil-lH zeolite, with related cage 
structures (Figure 1). The main difference being that of an additional tetrahedral atom buried 
inside of the cage. The two pore systems which are formed through the connection of these cages 
are completely independent, with no communication between them. The zeolite has also been 
analyzed by NMR and IR, to confirm and refine the proposed structure (Figure 1).3 This unique 
structure has the potential for interesting catalytic abilities. 

54 



.1 

of 
t 

s 
) 

s 

54 

Figure2 

One such test of the catalytic abilities of this zeolite is the isomerization of 1-butene to 
isobutene.4 This particular conversion would be useful for isobutene is one of the raw materials 
used in making gasoline additives. The factors in this test are acidity of the catalyst and geo
metric restrictions within the pore system. Tests showed that this catalyst remained active for an 
extended time, with good selectivity to isobutene. The selectivity of the catalyst improved as · 
coking occurred, thereby reducing the number of strong acid sites and the effective free space 
within the pore system. 

Another catalytic study which has been performed is that of isobutane/2-butene alkyl
ation.5 Addition of alkylation gasoline to ·the gas pool is one method that has been found to bring 
gas into compliance with recent regulations. Results of these tests have shown that at high 
conversions, TMP's make up a large part of the products, however, the catalyst ages rapidly, 
dropping to 10% after only 15 minutes. This, however, is typical of zeolites, and MCM-22 ages 
at the same rate as other zeolites. 

The catalytic abilities of MCM-22 have also been compared to ZSM-5 and Beta.6 This 
test compared the para /ortho-xylene ratio and the isomerization/disproportionation ratio for 
MCM-22 with other zeolites. These results place MCM-22 between that of 10 MR and 12 MR 
zeolites, a finding which is consistent with the proposed structure. The other catalytic test, 
hydroisomerization of n-decane examined the products on the basis of steric bulk. One parameter 
placed MCM-22 in the category of the 12 MR, while the other parameter suggested 10 MR 
behavior. 

With the catalytic abilities of MCM-22 well established, future work in this area requires 
building off of this knowledge. One area this can be accomplished is by further investigating a 
recently synthesized zeolite, MCM-49, which has shown to have a similar structure, before 
calcination. 7 Another interesting development is the recent synthesis of a silica polymorph of 
MCM-22.8 Such a material should have useful properties as a FCC additive. Expansion of these 
new developments, as well as MCM-22, into industry also needs exploration. 
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