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abSTRacT

Temperature dependencies and thermal dynamical behavior of vibrational phonons related to 
different bonds/motions (e.g., K-O, Si-O, and Al-O) and O-H stretching, bending, and combinations 
bands, as well as those of NH4 ions, of muscovite have been investigated in detail at high temperatures 
using in situ infrared spectroscopy. Phonon modes of muscovite show a complex response to heating 
and dehydroxylation. The mode Grüneisen parameters of muscovite are largest for low-frequency 
bands and some bands have negative values. Approaching dehydroxylation, bands associated with 
K-O stretching, Al-OH bending, and Al-O vibrations exhibit significant variations, indicating modi-
fications of local configurations related to these ions. The O-H stretching feature near 3627 cm–1 

shows a change in temperature dependence of the peak position near or during dehydroxylation, and 
this is attributed to a dramatic loss of OH and changes in local environments. The infrared spectro-
scopic analyses carried out in situ or on quenched samples do not record the characteristic bands of 
dehydroxylation-induced H2O and these findings suggest that H2O is unlikely to be the principal 
diffusing species. The results suggest that de-ammoniation or loss of NH4 in muscovite takes place at 
temperatures near dehydroxylation. 
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inTRoducTion

Muscovite, with ideal chemical composition KAl2(AlSi3O10)
(OH)2, belongs to the large mica family, and occurs in granites, 
pegmatites, gneisses, and schists.  Muscovite has been widely used 
in industry for a variety of applications due to its electrical, me-
chanical, and physical properties, including in insulation devices, 
aircraft brake shoes, anti-corrosive paints, fire extinguishers, 
lubricants, crack-seal compounds, welding rods, and electrodes. 
Muscovite is among several important layered silicates whose 
high-temperature behaviors and dehydration mechanisms have 
been the subject of extensive investigations over past decades 
(e.g., Holt et al. 1958, 1964; Vedder 1964; Vedder and Wilkins 
1969; Rouxhet 1970; Aines and Rossman 1985; Guggenheim 
et al. 1987; Mackenzie et al. 1987; Lapides 1994; Abbott 1995; 
Kalinichenko et al. 1997; Mendelovici 1997; Mazzucato et al. 
1998, 1999; Barlow and Manning 1999; L’vov and Ugolkov 2005; 
Zhang et al. 2005; Gridi-Bennadji and Blanchart 2007). 

One of the important issues related to high-temperature ap-
plications and dehydroxylation mechanisms (of muscovite and 
other layered silicates) concerns what happens at the atomic 

level during the start of dehydroxylation. Investigation of these 
mechanisms can provide information for industrial applications, 
as well as in understanding mineral dehydration transformations 
within the Earth’s interior during subduction processes (Toki-
wai and Nakashima 2009). To understand the latter, important 
results have been obtained from thermogravimetric analysis 
(TGA, DTG, and TG) together with analytical techniques such 
as X-ray diffraction (XRD), infrared spectroscopy (IR), nuclear 
magnetic resonance (NMR), and transmission electron micros-
copy (TEM) (see previous references). Studies on the kinetic 
behavior of muscovite have led to a number of contradictory 
dehydroxylation models. Structural studies (e.g., Eberhart 1963; 
Nicol 1964; Kodama and Brydon 1968; Udagawa et al. 1974; 
Guggenheim et al. 1987; Mackenzie et al. 1987; Catti et al. 
1989; Vassányi and Szabó 1993; Mazzucato 1999) have shown 
that (relative to the original crystal structure of muscovite) the 
structure is modified during dehydroxylation; the dehydroxylated 
phase has larger unit-cell parameters and the coordination of Al 
atoms changes from 6 to 5. The dehydroyxylation process is 
expected to be best described by the reaction 2(OH) → H2O+O 
(a residual oxygen), although the formation of H2O in bulk has 
yet to be confirmed by direct experimental observations. Studies 
have also shown that dehydroxylation of muscovite is complex 
and affected by heating rates, temperature, pressure, grain size, 
chemical composition, defects, and other factors (e.g., Rouxhet 
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