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Dehydroxylation kinetics of lizardite
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Lizardite Mg3Si2O5(OH)4 is a trioctahedral 1:1 phyllosilicate and belongs together with chrysotile and antigorite to the most prominent representatives of the serpentine mineral group. The structure of lizardite, consisting of flat T-O layers, is much simpler compared to the corrugated and cylindrical structures of antigorite and chrysotile respectively. The aim of this study is to understand the mechanism and the rate determining steps of the dehydration reaction. Structural and morphological analysis of the samples were done by HRTEM-EDS on ion milled and powdered samples. Three particle size fractions were prepared to determine the influence of specific surface on the dehydration kinetics. The particle characteristics of each fraction were analyzed by the classical BET nitrogen adsorption method and laser granulometry. 
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The dehydroxylation implies the deprotonation of part of the hydroxyl groups and recombination of the hydrogen ion with neighbouring hydroxyl groups to form a water molecule. The second step is the transport of the water molecule out to the surface.  In-situ High Temperature (HT)-XRD, in-situ IR-spectroscopy, FTIR and Differential Thermogravimetry techniques have been used to investigate the structural changes and the reaction progress during dehydration. In-situ IR and (HT)-XRD experiments under ambient pressure gave starting temperatures for the dehydration between 500°C and 550°C which lies in the range of former investigations by Brindley & Zussman (1957) and Frank et al. (2005). The initial product of dehydration is amorphous, but crystallizes after a certain time to forsterite followed by enstatite. Assuming proportionality between the integral intensity of diffraction peaks and the amount of lizardite present, the reaction rate can be extracted from the rate of intensity decrease. Data from isothermal runs have been treated with the conventional Avrami method as well as the so called “time to a given fraction” (TGF) method. One major advantage of the TGF method is the possibility to discover changes in the activation energy Ea during the course of dehydration (Putnis, 1992). The same reaction progress dependency of Ea is also obtained from the analysis of dynamic DTG experiments. The isothermal HT-XRD experiments yielded Ea of around 340kJ mol-1 (Avrami method). Data treated with the TGF method showed a progressive increase of the Ea with the fraction transformed from around 200kJ mol-1 (α=0.1) to 340kJ mol-1 (α=0.9). Non-isothermal DTG analyses with different heating rates and under a controlled nitrogen atmosphere confirmed the TGF results and enabled a much more detailed resolution of the Ea during the dehydration progress. An example of such a DTG measurement series is shown in Fig. 1. A preliminary mechanistic interpretation of these results will be given.
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Fig. � SEQ Fig. \* ARABIC �1� Activation energy Ea as function of α derived from a non-isothermal DTG measurement series and calculated by the isoconversional Friedman analysis








