Study of sodium cations distribution in hydrated zeolite NaY
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Introduction
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The distribution of the cations in zeolites is of considerable importance since their location makes a great impact on physicochemical properties of zeolites. The modified semiempirical equation MSE 
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was derived on the basis of semiempirical equation (determination of Si/Al molar ratio in faujasite type zeolites by the X-ray powder diffraction1) to reveal the sodium cations distribution in faujasite type zeolites. NNa is the number of Na atoms per unit cell, a0 is the lattice parameter of faujasite and ( is the correction factor accounting for the faujasite skeleton deformation induced by the combined effect of the nature, the amount and the distribution of the cations and adsorbate. Sodium cation distribution could be obtained from MSE by means of measuring the lattice parameters and the sodium contents in the series of partially 

 exchanged faujasites since the 

 cation is the only one possessing ability to relax the faujasite aluminosilicate framework.1 The aim of this work is to confirm the validity of MSE by the Rietveld refinement of the X-ray powder diffraction data of hydrated zeolite NaY.

Experimental

The synthetic zeolite NaY of the highest crystallinity with the chemical composition (H17)Na42Al59Si133O384.233H2O used in this study was provided by the Slovnaft VURUP . The partial substitution of sodium cations with ammonium cations was accomplished by successive ion exchanges in 1M NH4NO3 solution. The sodium content was determined by a flame ionizing photometer after decomposition of the zeolite framework in hydrochloric acid. All samples were hydrated to a constant content of water before X-ray experiment. The powder diffraction patterns employed to derive MSE were obtained using a HZG4 automated diffractometer, using 

 radiation. The three-step method of the unit cell parameter determination was developed in our laboratory1. The powder pattern for the Rietveld refinement was recorded within the range of 5 - 105° 

, in steps of 0.02° 

 at room temperature. The powder diffractometer STADI P1 equipped with monochromatized 

 X-ray radiation, position sensitive detector and operating in Debye-Scherrer arrangement was used. The Rietveld analysis was carried out with the program system GSAS2.

Results
Modified semiempirical equation (MSE).

The graph of cation distribution in NaY zeolite framework obtained from MSE consists of two straight lines with different slopes. We suppose, that this may be caused by various deformation strengths of the cations located in different cation sites. It follows that every intercept of the graph represents the population of a single cation site.

Refinement.

X-Ray refinement proceeded in a standard fashion, with successive levels of structural complexity being considered progressively. Fixed background was used to fit the complicated shape produced by the presence of amorphous matter (adsorbed water). The positions of Na+ cations and water molecules were located from a series of difference Fourier maps and subsequently refined. The final refinement ended with Rwp= 0.084.

Discussion

The Table lists the site populations found by various authors along with our results for Na+ cations in NaY sample. The conventional nomenclature adopted for cation sites is as follows: site I lies at the center of the hexagonal prism; sites I’ and II’ are in the sodalite cage near the 6-ring prism and single 6-ring, respectively; site II in the supercage near the single 6-ring, see figure.
	
	MSE
	Van Dun3
	Jirak4
	Eulemberger5
	Marra6

	I
	15.8
	7.04
	4
	8
	9.3

	I’ 
	
	13.76
	17.6
	18.88
	13.70

	II
	31.5
	29.44
	32.00
	30.08
	25.30

	other sites
	
	3.76
	1.4
	0.04
	3.50

	total
	42.00
	54.00
	55.00
	57.00
	51.80


The distribution of non-framework atoms determined by both methods differs from previous determinations. The occupancies of sites I and I’ as determined by MSE correspond to the principle of mutual blocking of adjacent sites I and I’ for simultaneous occupation by sodium cations due to the repulsion between these two close sites. The site occupancies, of type I, I’ and II are 16, 32 and 32 per unit cell, respectively. The site occupancy of the linked group I + I’ is limited to not more than 32 of sodium cations by the inequality 

, where 

 and 

 are the number of cations at the site per unit cell. There are two distinctive types of cation sites in NaY framework, which the MSE can recognize. In consideration of this fact we can conclude that the MSE distinguishes among the cation sites according to the intrazeolite space they occupy; i.e. the hexagonal prism, the sodalite cage or the supercage.

Summary
The Rietveld analysis was carried out on hydrated Na-Y zeolite, which shows sodium distribution in zeolite framework differing from those, obtained by other authors up to now. Similarly, smaller amount of sodium cations in the unit cell was obtained by the Rietveld analysis than it follows from stechiometry of the chemical formula. Nevertheless, it perfectly agrees with the chemical analysis composition. An alternative simple method of the MSE was suggested to determine the sodium distribution in faujasite framework after the 

 ion exchange. It was shown by the Rietveld analysis of zeolite NaY that the MSE is an appropriate method for this purpose.
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