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Thermal stability of the heulandite-type framework:
crystal structure of the calcium/ammonium form dehydrated at 483K

WILFRIED J. MORTIER AND JOHN R. PEARCE

Centrum voor Oppervlaktescheikunde en Colloidale Scheikunde
Katholieke Universiteit Leuven
De Croylaan 42, B-3030 Heverlee, Belgium

Abstract

A crystal phase intermediate tetween the hydrated form of the natural zeolite heulandite

and its heat-collapsed phase has been studied by single-crystal X-ray diﬂ'ractometri. The
crystal, [(NH4).,zKo,4Na,,.Caz,,SimAla.JOn - xH,0, a = 17.158, b = 17.433, ¢ = 7.388A,

B =

113.41°, C2/m symmetry], was dehydrated at 483K. This temperature is lower than that re-
quired for the formation of the heat-collapsed phase (heulandite-B). However, some dis-
tortion of the fundamental polyhedral units in the direction known for the fully collapsed
phase was noted in the present sample. The exchangeable cations are located in the frame-
work eight-rings and are responsible for these distortions, which result in a decrease of the

_ critical channel apertures.

Intreduction

There are three sets of two-dimensicnal channels
in hydrated zeolites of the heulandite-type with free
dimensions of 4.0 X 5.5A (eight-rings), 4.4 X 7.2A
(ten-rings) and 4.1 X 4.7A (eight-rings) (Meier and
Olson, 1978, p. 69). However, when this zeolite is de-
hydrated at 573-673K, a partial collapse of the
framework occurs, yielding a new crystal phase, heu-
landite-B (Alberti, 1973; Gottardi ef al, 1973). As a
result of this collapse, the two-dimensional channels
are severely occluded, which renders them almost
useless as industrial catalysts or dehydrating agents.

The collapse of the heuland:ite structure during de-
hydration is due to the presence of the exchangeable
cations. When their water moiecule ligands are re-
moved, these cations must coordinate directly to the
oxygens of the framework. Because of their high
charge density, the cations can distort the framework
to achieve the best coordination environment pos-
sible. '

Framework distortions have previously been ob-
served upon dehydration of stilbite-type zeolites,
which are similar to heulandite in structure {Alberti
and Vezzalini, 1978). Indeed, the distortion in stilbite
was so severe that some of the bonds to tetrahedral
atoms (Si or Al) were ruptured. However, when stil-
bite has no exchangeable cations (H-stilbite; Pearce
- et al.;'1980) or has only a limited number of cations

" 0003-004X/81/0304-0309$02.00

(Na/H-stilbite; Mortier, Smith and Pluth, in prepara-
tion), the degree of distortion is reduced and the
open-channel system may be preserved.

This research establishes the structure of an acti-
vated (dehydrated) intermediate phase between hy-
drated heulandite and the heat-collapsed phase, heu-
landite-B. The work was undertaken to understand
the structural distortions leading to the framework

collapse. As with stilbite, it should be possible to sta-

bilize the framework of heulandite and produce an
industrially useful material by regucing the number
of exchangeable cations. In fact, this should be some-
what easier to accomplish since heulandite is in-
trinsically more stable than stilbite. This is obvious
from the observation that, even in the highly dis-
torted phase (heulandite-B), all bonds to tetrahedral
atoms remain intact. ,

Our sample is a single crystal of heulandite from
which some of the calcium has been removed via ion
exchange with the amrrornium ion. An attempt to
further stabilize this crystal was made by performing
the dehydration under “deep bed” conditions. This
simply means heating in the presence of the decom-
position' products, a procedure which is known to
have a stabilizing effect on zeolite structures.

Experimental and results

Crystals of natural heulandite (Ca-HEU) from
Lane County, Oregon (Virginia Polytechnic Institute
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