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SUMMARY

To determine the mechanism of growth of zeolite L and to determine if this differs when its crystal habit is modified.

INTRODUCTION

Crystal habit (or morphology) is an important property for the industrial use of zeolites. The shape of a crystal can vary because the different faces grow at different rates relative to one another. Manipulating habit can be used to tailor the number of pores exposed to the surface of a crystal, as well as the length of pore channels. 

Previous studies have shown how changes in individual synthetic parameters can modify the habit of hexagonal cylinders of zeolite L crystals which vary in the c-direction.1 What is still not adequately understood is how the growth mechanism of the crystal is affected to bring about these habit modifications. Complete control and predictability of crystal shape evolution can only be obtained once the affect of synthetic changes is understood on a mechanistic level.

It has been shown that AFM is an excellent tool for determining crystal growth mechanisms in zeolites.2 It gives a snapshot in time as to how the shape of a crystal has developed, by imaging surface features. Our results are discussed in reference to previous SEM and TEM and the likely terminating units and step heights present on each face have been determined.3 

RESULTS

Three syntheses of zeolite L conferring different crystal habit were carried out where only the water and potassium hydroxide concentrations were adjusted. The crystals had aspect ratios (length/diameter) of 2.5, 1.8 and 1.3 respectively. SEM showed that the lower the aspect ratio of the crystals, the more the shape deviated from hexagonal becoming more rounded. 
Both the (100) (side walls) and (001) (hexagonal) faces of the crystals were imaged by AFM and exhibited substantially different surface features. On the side walls the three preparations showed similar features, consisting of elongated rectangular terraces, where growth was almost entirely in the c-direction of the crystal with minimal lateral spread. These terraces span the entire length of the crystal and were numerous; stacking on top of one another to create a corrugated surface, with a curved cross-section. These observations suggest that the mechanism of growth occurs via a series of nucleations, which spread significantly faster in one direction compared to the orthogonal direction. 
The features on the hexagonal face were found to vary significantly in each type of crystal (see AFM images in Figure 1), when the aspect ratio of the crystals decreases; the number and height of steps increases. For crystals with aspect ratios of 2.5, some hexagonal shaped defects, or holes, were observed. The number of defects observed on crystals with an aspect ratio of 1.8 increased and were more commonly observed. Terraces grow around these holes, resulting in an uneven surface. In the smallest aspect ratio crystals, the surface is more uneven and the face is made up of randomly positioned hexagonal-shaped terraces. 

A possible explanation for this is that as the growth of the hexagonal face slows down (and hence shorter crystals are obtained), more defects are likely to occur. Subsequently, new layers on the surface are hindered and must grow around the defect until eventually isolated islands of terraces develop, rather than concentric terraces. The random positioning of terraces could also explain why the crystals become more rounded as they decrease in length.
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Figure 1: AFM images of a)-c) the hexagonal face (001), where aspect ratios of the crystals are a) 2.5, b) 1.8 and c) 1.3 (with diameters of 1.5-2μm) and d) a portion of the side wall from a crystal with an aspect ratio of 1.8 (100) of zeolite L (dimensions 0.9x1.4μm). 
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The objective of this study is to determine the mechanism of growth of zeolite L and thereby control the crystal habit.  AFM was applied to study the surface features on both the (100) side walls, and the (001) hexagonal faces of zeolite L. Crystals with aspect ratios (length/diameter) varying from 2.5 to 1.3 were studied. Features on the side walls of the different preparations remained similar, consisting of elongated rectangular terraces, where growth was almost entirely in the c-direction of the crystal, and lateral spread was minimal. The features on the hexagonal face were found to vary significantly in each type of crystal; when the aspect ratio of the crystals decreases the number and heights of steps increases. In addition, as growth of the hexagonal face slowed (and hence shorter crystals were obtained), more defects were found to occur. Subsequently, new layers on the surface became hindered and were forced to grow around the defect until eventually isolated islands of terraces developed, rather than concentric terraces. 

In summary, zeolite L was found to grow via different mechanisms, depending on the face of the crystal observed. When the crystal habit was modified, the features observed on the hexagonal face varied considerably, suggesting growth had been modified. This variation is likely to be caused by the occurrence of defects in the crystal.






