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The dehydroxylation of chrysotile: A combined in situ micro-Raman and micro-FTIR study
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ABSTRACT

One of the most important mechanisms releasing water in subducting slabs of oceanic crust is
connected to the dehydration of serpentinized oceanic rocks. This study reports on a detailed inves-
tigation of the transition from chrysotile—an important serpentine mineral —to forsterite through the
release of water.

The dehydroxylation of natural chrysotile and the subsequent phase change to forsterite was
studied by in situ micro-Raman and micro-FTIR spectroscopy in the temperature range of 21 to 871
°C. Comparisons were made with previously published data of lizardite-17. Micro-Raman spectra
obtained in the low-frequency (100-1200 cm™) and high-frequency ranges (3500-3800 cm™) were
complemented by micro-FTIR measurements between 2500 and 4000 cm™ to study changes in the
chrysotile structure as a function of dehydroxylation progress. In general, room-temperature chrysotile
bands lie at higher wavenumbers than equivalent bands of lizardite-17 except of three bands positioned
at 301.7, 317.5, and 345.2 cm™. Different band assignments of chrysotile and lizardite-17 Raman
spectra from literature are compared. The most striking assignments concern the three aforementioned
Raman bands and those lying between 620 and 635 cm™. The present data support a chrysotile- or at
least curved TO layer related origin of the latter. Deconvolution of overlapping OH stretching bands
at room temperature revealed the presence of five (FTIR) and four (Raman) bands, respectively. A
slight change in the ditrigonal distortion angle o during heating and the effects of a radius-dependent
dehydroxylation progress can be shown. Furthermore, it was possible to identify a quenchable talc-
like phase immediately after the onset of the dehydroxylation at 459 °C. Main bands of this phase
are positioned at 184.7, 359.2, and 669.1 cm™ and a single OH band at 3677 cm™!, and are thus quite
similar to those reported for dehydroxylating lizardite-17. Their appearance coincides with the forma-
tion of forsterite. A maximum in the integral intensity of the talc-like intermediate is reached at 716 °C.
At higher temperatures, the intermediate phase breaks down and supports the accelerated growth of
forsterite. The lack of OH bands with the concomitant appearance of broad chrysotile-related modes
in the low-frequency range after heating the sample to 871 °C indicates the presence of a heavily dis-
ordered phase still resembling chrysotile. However, there are no spectral evidences for further Si- and/
or Mg-rich amorphous phases during the dehydroxylation and no indications for a relationship between
the breakdown of the talc-like phase and the growth of enstatite as previously reported in literature.
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INTRODUCTION

Chrysotile is a member of the serpentine group with an ideal
formula Mg;Si,05(OH),. Common building blocks of this group
are octahedrally coordinated (O) brucite-like sheets linked with
tetrahedrally coordinated (T) sheets of SiO, that form a trioc-
tahedral 1:1 (TO) layer phyllosilicate. The misfit between both
sheets gives rise to various modulated polymorphs of the flat
layered lizardite, such as antigorite with undulating layers and
chrysotile with wrapped cylindrical layers, but also rare species
like polygonal and polyhedral serpentine (Wicks and Whittaker
1975; Grobéty 2003; Dodony and Buseck 2004; Cressey et al.
2008). X-ray diffraction (XRD) and high-resolution transmission
electron microscopy (HRTEM) revealed the existence of different
chrysotile polytypes. Known polytypes are clino-, ortho-, and
parachrysotile, while clinochrysotile is the most abundant one
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(Wicks and O’Hanley 1988).

Physico-chemical properties of chrysotile, e.g., the dehy-
droxylation temperature, are likely to change with the radius of
the fiber owing to slight changes of structural parameters (e.g.,
bond lengths and angles) with curvature (Evans 2004). This be-
havior causes a continuous phase transformation starting on the
chrysotile wall edges at approximately 450 °C and propagating
to the inner wall, where the layers start to dehydroxylate only
above 600 °C (Viti 2010). Literature on the thermal behavior of
chrysotile is extensive due to the peculiar structure, the excellent
heat resistance, and insulating properties of chrysotile (=white
asbestos) compounds (e.g., Ball and Taylor 1963; Brindley and
Hayami 1963a, 1963b; Martin 1977; Datta et al. 1987; Candela
et al. 2007). Early articles by Aruja (1943), Hey and Bannister
(1948), and Brindley and Zussman (1957) have studied the phase
transformation from chrysotile to forsterite. They observed an
amorphous phase as primary product of dehydroxylation, fol-
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