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Variability in sepiolite: Diffraction studies
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abStRact

Twenty sepiolites of known composition from different origins were analyzed to quantify the 
variability in structural parameters and its possible relationships with composition and morphology. 
Morphology SEM analyses led to classify the sepiolites into several groups, beyond the two simple 
macroscopic or clay groups. X-ray powder diffraction with synchrotron light was used to discuss the 
variability of the a and b cell parameters with the nature of the cations and occupancy of the octahedral 
shell. Rietveld refinement using the ideal sepiolite model is performed on sepiolites at two tempera-
tures: 225 °C (for zeolitically dehydrated sepiolite) and 25 °C (for hydrated ambient sepiolite). The 
latter permitted to locate ca. six molecules of the zeolitic H2O within the tunnels.

A few samples were selected to evaluate the feasibility and potential of single-crystal diffraction 
methods: X-ray microdiffraction and electron diffraction. The macroscopic sepiolites gave well-
structured and rich X-ray fiber diffraction patterns, in excellent agreement with ab initio simulations. 
High-quality single-crystal electron diffraction patterns for three axis zones are indexed and compared 
with simulations. The experimental and modeling results for X-ray microdiffraction and electron dif-
fraction open a new path for quantitative crystallography on sepiolite and other fibrous clays from 
the sepiolite-palygorskite group.
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intRoduction

Sepiolite is a fibrous clay mineral that differs from laminar 
clays by having tunnels in its structure, resulting from the in-
version of apical O atoms in the tetrahedral sheets every eighth 
octahedral positions (forming tunnels with cross section of 
about 4 × 11 Å2 that run parallel to the c axis). These tunnels 
can hold zeolitic H2O as well as other small molecules. Sepio-
lite is a trioctahedral phyllosilicate, with all octahedral posi-
tions occupied by Mg in the “ideal” sepiolite (see Fig. 1) with 
theoretical structural formula Si12O30Mg8(OH)4(OH2)4·8H2O. 
The physicochemical properties of sepiolite ultimately depend 
on the crystalline structure at atomic scale. The tunnels in the 
crystal cell induce a fibrous morphology at a microscopic (and 
sometimes macroscopic) level, which in turn is responsible of 
the great absorptive power and the good rheological properties 
of this mineral.

The possible correlation between crystalline structure and 
macroscopic properties adds interest for studying this clay at 

the microscopic level. Two possible crystallographic models 
for sepiolite were proposed by (Nagy and Bradley 1955). Later, 
the orthorhombic model with space group Pncn proposed by 
Brauner and Preisinger (1956) and Preisinger (1959) was gener-
ally accepted. However, the composition of sepiolite may vary 
depending on the origin, formation conditions, chemical envi-
ronment, etc., differing from the theoretical model. This can be 
manifested in structural variations that cause modifications in 
the diffraction patterns, in particular shifts in the peak positions 
and changes in peak intensities.

Sepiolite like all clays usually exhibit a fine-grained and 
poorly crystalline nature, therefore many details of the crystal-
line structure are still not well known. Rietveld refinement is 
not frequently used for clay analysis, because of the crystal 
complexity, low crystallinity, and small particle size. Moreover, 
the agreement of most authors in the crystalline structure of 
sepiolite, the fact that different sepiolites present different cell 
parameters, and the nonexistence of sepiolite single crystals large 
enough for accurate single-crystal diffraction, may explain the 
lack of crystallographic refinements of the sepiolite structure 
until very recently. Post et al. (2007) performed a Rietveld * E-mail: srio@esrf.eu


