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INTRODUCTION

Talc is a magnesium tetrasilicate with the formula 
Mg3(Si2O5)2(OH)2. Structurally, it belongs to 2:1 trioctahedral 
phyllosilicates. The crystal consists of an octahedral layer with 
Mg2+ between two silicate tetrahedral layers in which each SiO4 
shares three corners with the adjacent tetrahedra. Talc has found 
wide applications, such as an ingredient in ceramics, paper, paint, 
rooÞ ng, plastics, cosmetics, talcum, and baby powders. It is also 
used in the production of refractories and in the manufacture of 
Þ reproof paints. Therefore, it is important to gain a good under-
standing of the thermal behavior of talc.

This present investigation of talc is also inspired by the ques-
tion of what happens at the atomic level during dehydroxylation 
of layer silicates and clay minerals. Dehydroxylation in phyl-
losilicates has attracted very many investigations, and several 
different mechanisms have been proposed (e.g., MacKenzie et 
al. 1985; Guggenheim et al. 1987; Drits et al. 1995; Fitzgerald 
et al. 1996; Bray and Redfern 1999; Muller et al. 2000; Wang et 
al. 2002, Sainz-Díaz et al. 2004; Zhang et al. 2005). However, 
how dehydroxylation is initialized, for example by proton or 
hydroxyl migration, remains unclear. There is a general lack of 

detailed analysis of the behavior of hydroxyl species and other 
phonon bands at high temperatures. In particular, the analytical 
methods employed in some previous investigations did not di-
rectly monitor the change of hydroxyls, and some of these results 
are very likely to be the combinations of dehydroxylation and 
other thermally induced processes. For talc, in spite of extensive 
investigations, the dehydroxylation process and the Þ nal products 
reported by previous studies remain unclear. There have been 
controversies over some of the results reported previously (see 
Wesolowski 1984 for reviews). The differences can be summa-
rized into three types. (1) Thermogravimetric results of talc at 
high temperatures are not fully consistent in terms of numbers 
of endothermic peaks and their temperatures. As the differences 
in some reported results are so signiÞ cant, it raises a question: 
whether the reported loss is really related to dehydroxylation or 
dehydration and whether some losses are simply due to other 
process e.g., gas release or dehydroxylation of impurities. (2) 
Different stages of talc dehydroxylation have been reported: one 
stage (e.g., Bo�ković et al. 1968; Ward 1975), two stages (e.g., 
Ishii et al. 1974), and three stages (e.g., Avgustinik et al. 1948). 
It has been shown that in vacuum the dehydroxylation of talc 
begins at a temperature about 100 °C lower than that observed 
in air (Krönert et al. 1964a, 1964b). Krönert et al. (1964a) have 
reported that the presence of other minerals can speed up the * E-mail: mz10001@esc.cam.ac.uk
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ABSTRACT

The high-temperature dehydroxylation and structural change of talc, Mg3(Si2O5)2(OH)2, has been 
investigated in detail using infrared (IR) spectroscopy. The data (in the region of 20�12000 cm�1) on 
quenched samples show that absorptions from structurally incorporated OH and OD, as well as NH4-
like species, have similar temperature dependences in dehydroxylation. The OH species exhibit weak 
variation in frequency on heating, which is inconsistent with thermally induced weakening of O-H 
bonds. Dehydroxylation in talc is a complex process that involves proton migrations and formation of 
new OH species. Additional fundamental OH bands near 3665 and 3745 cm�1 became detectable near 
900 °C. On further heating the former disappear near 1200 °C, whereas the latter became undetect-
able near 1350 °C. The occurrence of CO2 is observed in samples quenched between 600 and 1250 
°C. The phonon spectrum (20�1500 cm�1) of the dehydroxylate (obtained by annealing the sample 
at 1000 °C) gives features signiÞ cantly different from that of talc, indicating the loss of the original 
layer structure. The IR data imply that the talc dehydroxylate consists of disordered SiO2 and enstatite 
(MgSiO3). Although MgSiO3 exists dominantly in the form of orthoenstatite, the characteristic bands 
of clinoenstatite phase are found to coexist in the samples treated at 1000 °C. The IR data from in 
situ measurements show that protons become mobile at temperatures below the dehydroxylation and 
an extra OH species near 3500 cm�1 develops on heating. This new species is not quenchable, and it 
decreases intensity on cooling and disappears at room temperature. The in situ results also indicate 
external carbon-related substances can diffuse into talc during dehydroxylation.
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