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Abstract
Rietveld refinements using synchrotron powder X-ray diffraction data were used to study the
crystal structure and dehydration behavior of pure monoclinic palygorskite samples from Korea and
Alaska. The 300 and 100 K palygorskite structures in air compare well with previous models but
provide additional details about zeolitic H2O sites and reveal that the Al atoms are ordered into the
inner M2 octahedral sites and the Mg cations into the M3 sites at the edges of the tunnels. Real-time,
temperature-resolved synchrotron powder X-ray diffraction data and Rietveld refinements were used
to investigate the monoclinic palygorskite structure from 300 to 1400 K (in air). Rietveld refinements
showed that most of the zeolitic H2O is lost by ~425 K, accompanied by a decrease in the unit-cell
volume of 1.3%, primarily owing to a decrease in the a unit-cell parameter and an increase in the β
angle. The structurally bound H2O is lost in two stages, at temperature intervals of 475–540 and 580–725
K. Above ~825 K in air a portion of the Korean sample transformed to a folded structure; the Alaskan
sample folded at ~575 K under vacuum. A structure model was refined for the folded structure. At
~1015 K for the sample heated in air, β-quartz diffraction peaks appeared and increased in intensity
as heating continued to the maximum temperature. Cristobalite formed above ~1050 K, along with a
small amount of clinoenstatite, and both phases persisted to the maximum temperature studied.
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Introduction
Palygorskite is a hydrous Mg- and Al-rich silicate clay
mineral with a fibrous morphology that typically occurs as finegrained, poorly crystalline masses. It is found in a wide variety of
geological environments, commonly as felted masses or sheets,
referred to as mountain cork or mountain leather (Heddle 1878),
respectively. The term “attapulgite” was applied by De Lapparent
(1935) to a clay mineral encountered in Fuller’s Earth from Attapulgus, Georgia, but Stephan (1954) and others determined that
it was identical to palygorskite, and recommended that the term
“attapulgite” be discontinued. Palygorskite has been mined for
centuries because of its many useful properties and boasts more
than 100 commercial uses today in the pharmaceutical, fertilizer,
and pesticide industries (Van Scoyoc et al. 1979; Jones and Galan
1988; Galan 1996), and its versatile functionality derives from the
large surface area and microporosity that are characteristic of the
material. In recent years, palygorskite has received considerable
attention with regard to the adsorption of organics and for use
as a support for catalysts (Jones and Galan 1988). Historically,
palygorskite was the predominant clay component that, when
combined with indigo, produced the vibrant Maya blue pigment
(e.g., José-Yacamán et al. 1996).
Palygorskite has a layer structure constructed of ribbons of
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2:1 phyllosilicate modules comprised of linked double silicate
chains that sandwich Mg,Al-(O,OH) octahedral strips (Fig. 1).
The ribbons are connected via Si-O-Si bonds between SiO4
tetrahedra that are inverted relative to each other. Palygorskite
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 measure
3.7 × 6.0 Å in cross section.
The palygorskite structure was deduced by Bradley (1940)
from fiber X-ray diffraction (XRD) patterns, and his model is
monoclinic with space group C2/m. This structural scheme was
affirmed by Drits and Sokolova (1971). Christ et al. (1969)
analyzed powder XRD data for five palygorskite samples and
concluded that palygorskite exists in structurally related orthorhombic and monoclinic forms. Chisholm (1992) compared
observed and theoretical powder XRD patterns and noted that
most palygorskite samples are mixtures of monoclinic and orthorhombic polymorphs.
Galan and Carretero (1999) reviewed chemical analyses from
the literature and concluded that palygorskite is intermediate
between dioctahedral and trioctahedral with a formula close to
2+
(Mg2R3+
2 n1)(Si8–xAlx)O20(OH)2∙R x/2(H2O)4, where n = vacancy,
3+
3+
2+
R = primarily Al , Fe , Fe , and Mn2+, and x = 0–0.5. The octahedral sheet has four of five sites occupied, and Mg2+/(Al3+ +

