
American Mineralogist, Volume 95, pages 1247–1256, 2010

0003-004X/10/0809–1247$05.00/DOI: 10.2138/am.2010.3482	     1247 

Elastic behavior of zeolite boggsite in silicon oil and aqueous medium:  
A case of high-pressure-induced over-hydration 

Rossella Arletti,1,* Simona Quartieri,2 and Giovanna Vezzalini1

1Dipartimento di Scienze della Terra, Università di Modena e Reggio Emilia, Via S. Eufemia 19, 41100 Modena, Italy
2Dipartimento di Scienze della Terra, Università di Messina, Viale Ferdinando Stagno d’Alcontres 31, 98166 Messina S. Agata, Italy

Abstract

This paper reports the results of an in situ high-pressure synchrotron X-ray powder diffraction 
investigation on the natural zeolite boggsite [(K0.06Na0.36Sr0.01Ca7.00Mg1.20)(Al17.52Si78.62Fe0.05O192)·82.3 
H2O]. The study was performed using both a (16:3:1) methanol:ethanol:water mixture (m.e.w.) as a 
nominally “penetrating” hydrostatic P-transmitting medium and silicon oil (s.o.) as a “non-penetrating” 
medium. The studied pressure ranges are: Pamb–7.6 and Pamb–5.9 GPa in m.e.w and s.o., respectively. 
No complete X-ray amorphization is observed up to the highest investigated pressures, and the original 
unit-cell parameters are almost completely recovered upon decompression in both media. The reduc-
tions of a, b, c, and V, within the pressure-ranges investigated, are 5.3, 4.2, 4.0, and 13.0% in s.o. and 
4.1, 4.1, 3.8, and 11.5% in m.e.w. The Rietveld structural refinements of the powder patterns of the 
experiments in m.e.w. converged successfully up to 3.6 GPa and demonstrated the penetration of 13 
additional water molecules between 0.3 and 2.9 GPa. This over-hydration occurs without any unit-cell 
volume expansion and can be explained by the fact that no new extraframework sites arise during 
compression and that water penetration is the only factor to increase the occupancy of already existing 
sites. Boggsite compressibility is higher in s.o. than in m.e.w. In particular, compressibility in m.e.w. 
is lower below 3 GPa, whereas above this pressure, the P-V trend becomes similar in the two media. 
This can be ascribed to the fact that, during water molecule penetration (0.3 < P < 3 GPa), the effect of 
the P-transmitting medium is directed to compress the system as well as to penetrate the channels. 
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Introduction

Zeolites represent the fruitful symbiosis among mineralogists, 
crystal chemists, industrial scientists and engineers. Zeolites are 
used in absorption processes, ion-exchange, molecular sieving, 
and catalysis (Bish and Carey 2001; Corma 1997). The behavior 
of both natural and synthetic zeolite materials under high tem-
perature (HT) (Alberti and Martucci 2005; Bish and Carey 2001; 
Cruciani 2006) or high pressure (HP) has been extensively inves-
tigated, due to the impact of these thermodynamic parameters on 
their structure, stability and, consequently, applications. 

High-pressure studies on zeolites to date used either “pore 
penetrating” [usually aqueous-alcohol mixtures; see Ori et al. 
(2008) for a review] or “non-penetrating” P-transmitting media 
[usually silicon oil (see, i.e., Leardini et al. 2010) or glycerol 
(see, i.e., Gatta 2008)]. The former media are involved in the 
so-called pressure-induced hydration (PIH) phenomenon (Lee 
et al. 2004), which is characterized by the penetration of ad-
ditional water molecules into the zeolite channels. On the basis 
of these experiments, it was concluded that zeolites can experi-
ence different effects: (1) HP-induced structural modifications, 
without over-hydration; (2) PIH based on increasing occupancy 
of already existing water sites; and/or (3) PIH accompanied by 
the onset of new water sites (see Ori et al. 2008 for a review). 
Over-hydration and consequent structural modifications can, in 

principle, significantly modify zeolite properties, opening pos-
sible new scenarios for their industrial applications.

In parallel, a relevant number of HP studies have been per-
formed on zeolites with “non-penetrating” media, often based on 
a combined experimental-computational approach (see Fois et al. 
2008 for a review). From these investigations, the crucial role of 
the extraframework content on the zeolite response—in terms of 
deformation mechanisms and compressibility values—emerged 
clearly (Fois et al. 2004; Gatta 2008).

In this work we report the results of a HP study performed on 
boggsite [IZA code BOG, Baerlocher et al. (2001)], a rare natural 
zeolite with a fascinating topology. Boggsite was discovered in 
Eocene basalts near Goble (Columbia County, Oregon) and first 
described by Howard et al. (1990). A second occurrence of this 
mineral was described (Galli et al. 1995; Alberti et al. 2001) 
from the Jurassic Ferrar dolerites of Mt. Adamson (Northern 
Victoria Land, Antarctica).

The crystal structure of boggsite was solved by Pluth and 
Smith (1990) on a crystal from Goble. The framework (topology 
and space group Imma) has been described by the interconnection 
of polyhedral subunits 4254, 4264, 5462 (found also in terranovaite), 
5262 (present with 5462 in gottardiite), and 4262. A straight 12-
membered ring channel runs along [100], and a straight 10-
membered ring channel develops in the [010] direction (Figs. 
1a and 1b). These channels are connected by 10-membered ring 
windows. Boggsite is characterized by strong disorder in both * E-mail: rossella.arletti@unimore.it


