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INTRODUCTION

Sepiolite is a hydrous Mg-rich silicate clay mineral with 
Þ brous morphology that typically occurs as Þ ne-grained, poorly 
crystalline masses. It occurs in a wide variety of geological 
environments and has been mined for centuries because of its 
many useful properties. Sepiolite boasts more than 100 com-
mercial uses today in the pharmaceutical, fertilizer, and pesticide 
industries (Van Scoyoc et al. 1979; Jones and Galan 1988), and 
its versatile functionality derives from the large surface area and 
microporosity that are characteristic of the material. In recent 
years, sepiolite has received considerable attention with regard 
to the adsorption of organics, for use as a support for catalysts 
(Jones and Galan 1988), as a molecular sieve (Ruiz-Hitzky 
2001), and as an inorganic membrane for ultraÞ ltration (Wang 
et al. 2001).

Sepiolite has a layer structure constructed of ribbons of 2:1 
phyllosilicate modules that are linked triple silicate chains that 
sandwich Mg-(O,OH) octahedral strips (Fig. 1). The ribbons are 
linked by inversion of the SiO4 tetrahedra through Si-O-Si bonds. 
Sepiolite has continuous tetrahedral sheets, but with tetrahedral 
apices pointing in opposite directions in adjacent ribbons. Unlike 
other phyllosilicates, it lacks continuous octahedral sheets. The 
structure has large tunnels parallel to the phyllosilicate ribbons 
that are partially occupied by H2O molecules. The tunnels mea-
sure 3.7 × 10.6 Å in cross section.

The sepiolite structure was Þ rst deduced by Brauner and 

Preisinger (1956) from Þ ber X-ray diffraction patterns, and their 
model is orthorhombic with space group Pnan. Rautureau and 
Tchoubar (1976) calculated projected electron-density maps 
using electron-diffraction intensities that conÞ rmed the model 
of Brauner and Preisinger (1956) but suggested the possibility 
of a split site for one of the Mg atoms and crystallographically 
bound H2O molecules. Because of its Þ ne-grained and poorly 
crystalline nature, it has not been possible to study the crystal 
structure of sepiolite using single-crystal diffraction methods, 
and consequently many details of the structure are still not well 
known. In this study, we used synchrotron powder X-ray dif-
fraction data and Rietveld reÞ nements to better characterize the 
structure and behavior of sepiolite. We reÞ ned room-temperature 
structures for both a fully hydrated sepiolite and one for which 
the zeolitic H2O molecules were removed under vacuum. 

In the second part of our study, we used temperature-resolved 
real-time synchrotron X-ray powder diffraction and Rietveld 
reÞ nements to investigate in unprecedented detail changes in 
the sepiolite structure as it dehydrated from room temperature 
(RT) to 925 K. The Brauner and Preisinger (1956) structure 
model includes three types of H2O: zeolitic H2O molecules 
in the tunnels, crystallographically bound H2O molecules that 
complete the coordination of the Mg atoms at the edges of the 
octahedral strips, and hydroxyl (OH) groups bonded to some 
of the Mg atoms. Numerous previous studies have monitored 
the dehydration of sepiolite using thermogravimetric analysis 
(TGA) and differential thermal analysis (DTA) methods (e.g., 
Preisinger 1959; Hayashi 1969; Nagata et al. 1974; Serna et al. 
1975; Lokanatha et al. 1985; Ruiz et al. 1996; Weir et al. 2002). * E-mail: postj@si.edu
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ABSTRACT

Rietveld reÞ nements using synchrotron powder X-ray diffraction data were used to study the crystal 
structure and dehydration behavior of sepiolite from Durango, Mexico. The room-temperature (RT) 
sepiolite structure in air compares well with previous models but reveals an additional zeolitic H2O 
site. The RT structure under vacuum retained only ~1/8 of the zeolitic H2O and the volume decreased 
by 1.3%. Real-time, temperature-resolved synchrotron powder X-ray diffraction data and Rietveld 
reÞ nements were used to investigate the behavior of the sepiolite structure from 300 to 925 K. Rietveld 
reÞ nements revealed that most of the zeolitic H2O is lost by ~390 K, accompanied by a decrease in 
the a and c unit-cell parameters. Above ~600 K the sepiolite structure folds as one-half of the crystal-
lographically bound H2O is lost. Rietveld reÞ nements of the �anhydrous� sepiolite structure reveal 
that, in general, unit-cell parameters a and b and volume steadily decrease with increasing temperature; 
there is an obvious change in slope at ~820 K suggesting a phase transformation coinciding with the 
loss of the remaining bound H2O molecule. 
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