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    Effect of alkali metal cations on dealumination of a framework of 

ZSM-5 zeolite with water was investigated by using 27A1 MASNMR and FT-IR.

It was found that under the steaming conditions of 600 ℃ for 13.5 h,

dealumination of the zeolite is quantitatively controlled by alkali metal 

cations introduced by an ion-exchange method, leaving framework aluminium 

in the concentrations nearly equal to those of the metal cations.

    Dealumination is one of the most important practical problems in zeolite 

catalysts. There are many patents and literatures concerning dealumination of high 

aluminium zeolites such as Y-zeolite, A-zeolite and mordenite.1-3) It has been 

observed that the degree of dealumination of the zeolites is considerably lowered 

by an introduction of alkali and alkaline earth metal cations. Recently, we have 

found that highly siliceous ZSM-5 type zeolites containing alkaline earth metals 

have a high resistance against steaming.4) However,in these patents and literatures 

a relationship between the degree of dealumination and the concentrations of metal 

cations was stated in a qualitative way. Therefore, we have studied the effect of 

the concentration of alkali and alkaline earth metals introduced by an ion-exchange 

method on dealumination of ZSM-5 zeolites in more detail.

    The H-ZSM-5 zeolite (SiO2/Al2O3=66) was synthesized according to the procedure 

previously described.4) The zeolite obtained was confirmed to be highly crystalline 
and free of extraneous matter. Cation-exchanged forms were prepared by 

multitreatment of the hydrogen forms with 0.01 - 1 M (1M= mol dm-3) aqueous

solutions of the corresponding metal chlorides at 80℃, followed by washing to

remove the chloride ions. The degrees of ion-exchange were determined by atomic 

absorption spectrometry and X-Ray fluorescence spectrometry. The analytical data of 

the zeolites are summarized in Table 1. Steaming was carried out on 1.8 g of the

charged zeolite (14 - 28 mesh) using an atmospheric pressure flow system at 600℃

for 13.5 h in stream of 100% steam. High resolution 27A1 NMR was measured at 51.9 

MHz using a JEOL FX-200 Spectrometer equipped with a probe for magic angle spinning 

(MAS). The spectra were obtained for 0.33 g of the various zeolites in Delrin 

bullets spinning at about 3.5 kHz, using 4.6 is pulses. The chemical shifts in ppm 

were obtained with respect to Al(H2O)63+ as an external reference. The diffuse 

reflectance infrared spectra of the zeolites were measured at room temperature
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using a Digilab FTS-60 Spectrometer equipped with an evacuable, heatable chamber. 

The powdered zeolites were placed in thin-walled ampules with a diameter of 8 mm

and then evacuated to about 10-6 Torr at 500 ℃ for 2h. The spectra were taken at

a 2 cm-1 resolution for 1000 scans.

    It is well known that the 27A1 MASNMR spectrum of H-ZSM-5 zeolite has one peak 

at about 53 ppm assigned to framework (tetrahedrally coordinated) aluminium.5) In 

order to examine the effect of alkali and alkaline earth metal cations on 

dealumination, a variety of metal cation-exchanged ZSM-5 zeolites with various

ion-exchange degrees were steamed at 600 ℃ for 13.5 h. Figure 1 shows the

relationship between the degree of ion-exchange and the intensity ratio (x100) of 

the 53 ppm peak of the steamed zeolite to the corresponding unsteamed zeolite. 

Under the present steaming conditions, about 90% of the framework aluminium in the 

hydrogen form was dealuminated. In the case of alkali metal ion-exchanged forms as 

represented by a symbol O, there was a good correlation of the ion-exchange degree 

with the intensity ratio. It may be noted that the concentrations of framework 

aluminium in the zeolites after steaming do not depend upon the kind of the alkali 

metal cations but depend upon the degree of ion-exchange. That is to say, the 

concentrations of framework aluminium after steaming are nearly equal to those of 

alkali metal cations. We have previously found that a rate of dealumination of the 

hydrogen form is expressed as follows.6)

(1)

Table 1. Characteristics of Various Metal Cation-Exchanged ZSM-5 Zeolites

a) BET surface area measured by using a method of single point N2 adsorption

at -196 ℃ is 379 m2 g-1.
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where A is a concentration of framework 

aluminium, t is a steaming time, k is a 

rate constant, and H+ is a concentration 

of acid. Therefore, the result that 

dealumination is quantitatively 

inhibited by the introduction of alkali 

metal cations can be understood from the 

decrease in the concentration of acid 

(H+) regardless of the location of alkali 

metal cations in the zeolite framework. 

Of course, it is quite plausible that 

under the present steaming conditions, 

the dealumination of framework 

aluminium, being bound by an alkali metal 

cation via an oxgen atom, is inhibited, 

while the dealumination of framework 

aluminium as expressed in the form 

Si(OH)Al takes place ; however, the 

detailed study concerning the 

dealumination of ion-exchanged zeolites 

is now in progress. In the case of 

alkaline earth metal ion-exchanged forms

as represented by a symbol 口 in  Fig. 1,

the relationship between Mg2+ or Ca2+ /A12 ratio and the intensity ratio of the 53 

ppm peak is in accord with that in the case of alkali metal ion-exchanged forms.

Fig. 1. Effect of various metal pations on 

         dealumination of ZSM-5 zeolites. 

          Arabic numbers in Fig. denote 

          sample No. in Table 1.

    Figure 2 shows the diffuse reflectance FT-IR spectra of hydroxyl groups of the 

hydrogen forms and the alkali metal ion-exchanged forms before and after steaming. 

The spectra of the steamed zeolites followed by treating with 0.6 M HCl at room 

temperature are also shown in Fig. 2. As has already been reported,7) the spectrum 

of H-ZSM-5 zeolite was characterized by two well-defined peaks at 3605 and 3730-

3740 cm-1. The low-frequency hydroxyl has been assigned to an acidic bridged OH of 
Si(OH)Al, while the high-frequency hydroxyl to terminal SiOH or extraframework 

silica gel. The broad peak at near 3500 cm-1 is attributed to hydrogen bonding 

adjacent hydroxyl groups. The peak intensity at 3605 cm-1 in the spectrum of the 

hydrogen form after steaming remarkably decreased and hardly changed even by HCl 

treatment. On the other hand, in the spectrum of K+ (or Cs+) ion-exchanged form 

after steaming, the peak at 3605 cm-1 was hardly observed. However, it was observed 

by HCl treatment. These FT-IR data definitely indicate that the dealumination of 

the framework aluminium only as expressed in Si(OH)Al proceeds under the present 

steaming conditions and the dealumination of the framework aluminium in Si(OM)A1 

(M:alkali metal) is inhibited. As it is considered that four SiOH are created by 
a removal of one framework aluminium atom, an increase in the peak intensity at 

3740 cm-1 would be presumed. However, the peak intensities before and after 
steaming for both the hydrogen form and the ion-exchanged forms were not 

different. These results indicate that the steaming causes not only the
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Fig. 2. Diffuse reflectance FT-IR spectra of various zeolites. 

            (a) H-ZSM-5 and the partially ion-exchanged ZSM-5 zeolites before 

                steaming (Sample Nos. 1, 5, and 11 in Table 1).

(b) the zeolites steamed at 600 ℃ for 13.5 h.

(c) the steamed zeolites followed by treating with 0.6 M HCl.

dealumination of framework aluminium, but also a structural rearrangement in the 

zeolite framework with a transformation of SiOH to Si-O-Si.3) 
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