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abstRact

The phase stability, elastic behavior, and pressure-induced structural evolution of a natural 
metamorphic kalsilite (ideal formula KAlSiO4) from Punalur (Kerala district in southern India), with 
P31c symmetry and a K/Na molar ratio of ~350, has been investigated by in situ X-ray single-crystal 
diffraction up to ~7 GPa with a diamond-anvil cell under hydrostatic conditions. At high-pressure, 
a previously unreported iso-symmetric first-order phase transition occurs at ~3.5 GPa. The volume 
compression of the two phases is described by third-order Birch-Murnaghan equations-of-state: V0 
= 201.02(1) Å3, KT0 = 59.7(5) GPa, K′ = 3.5(3) for the low-P polymorph, and V0 = 200.1(13) Å3, KT0 
= 44(8) GPa, K′ = 6.4(20) for the high-P polymorph. The pressure-induced structural evolution in 
kalsilite up to 7 GPa appears to be completely reversible. The compression of both phases involves 
tetrahedral rotations around [0001], which close up the channels within the framework. In addition, 
compression of the  low-pressure phase involves tilting of the tetrahedra. The major structural change 
at the phase transition is an increase in the tilting of the tetrahedra, but with a reversion of the tetra-
hedral rotations to the value found at ambient conditions. This behavior is in distinct contrast to that 
of nepheline, which has a tetrahedral framework of the same topology.
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intRoDuction

Kalsilite is a feldspathoid with ideal chemical formula: 
KAlSiO4. In nature, kalsilite occurs mainly in K-rich and silica 
undersaturated volcanic rocks, usually associated with olivine, 
melilite, clinopyroxene, phlogopite, nepheline, and leucite. A few 
occurrences of methamorphic kalsilites have also been reported 
(e.g., Sandiford and Santosh 1991). Experiments on the stability of 
potassium aluminosilicates indicate that kalsilite is stable at least 
up to 15 GPa at 1300 K and, together with KAlSi3O8 (hollandite-
type) and K2Si4O9 (wadeite-type) phases, can be considered a po-
tential host for K in anhydrous hyper-alkaline systems (Liu 1987).

In ceramic technology, kalsilite is used as the precursor for 
leucite, an important component in porcelain-fused-to-metal and 
ceramic restoration systems (Zhang et al. 2007). Kalsilite has also 
been proposed as a high thermal expansion ceramic for bonding 
to metals (Bogdanovicieni et al. 2008) and for the production of 
glass-ceramic seals for use in solid oxide fuel cells (Badding et 
al. 2009). Recently, nano-sized kalsilite has been demonstrated to 
show an excellent and highly improved oxidation activity of carbon 
toward diesel soot combustion (Kimura et al. 2008). Kalsilite is 
also used as a heterogeneous catalyst for transesterification (a 
process in which the organic group of an ester is exchanged with 

the organic group of an alcohol) of soybean oil with methanol to 
biodiesel (Wen et al. 2010).

The tetrahedral open-framework of kalsilite is isotypic with 
that of tridymite and nepheline, and has topological symmetry 
P63/mmc. The kalsilite framework consists of (0001) sheets of 
(ordered) AlO4 and SiO4 tetrahedra forming six-membered rings 
(hereafter 6mR), pointing alternately up (U) and down (D) [i.e., 
6mR//(0001): UDUDUD, Fig. 1]. The sheets are stacked along 
the c-axis and are connected through the apical O1 atoms, which 
formally lie on special positions on the threefold axes. In volcanic 
Na-bearing kalsilites, this bridging oxygen may be displaced from 
the threefold axis (by up to ~0.25 Å), giving Al-O-Si bond angles 
<180° (Perrotta and Smith 1965). The tetrahedral 6mRs are also 
di-trigonally distorted by rotation of the tetrahedra around [0001], 
with the sense of rotation reversed between adjacent (0001) sheets 
in the P63 polymorph but with the same sense of rotation in all 
sheets of the P31c polymorph that we have studied. A further 
set of 6mRs occurs perpendicular to (0001) [Fig. 1, hereafter 
6mR⊥(0001)] that do not form channels.

Many experiments have been devoted to the phase stability, 
thermal behavior, and structural evolution at high- and low-
temperature of kalsilite, which appear to be strongly controlled 
by the Na content (Tuttle and Smith 1958; Sahama 1962a, 
1962b; Dollase and Freeborn 1977; Gregorkiewitz and Schäfer 
1980; Andou and Kawahara 1982, 1984; Henderson and Taylor * E-mail: diego.gatta@unimi.it


