N

N

Dechlorination of ferrous archaeological artefacts in
subcritical conditions: understanding of the corrosion layer
transformation thanks to a multi-scale characterisation
Marine Bayle, P. de Vivies, J.-B Memet, F. Mercier, E. Foy, S. Reguer, Jean-Louis F
Hazemann, Philippe Dillmann, Delphine D. Neff

» To cite this version:

Marine Bayle, P. de Vivies, J.-B Memet, F. Mercier, E. Foy, et al.. Dechlorination of ferrous archaeological
artefacts in subcritical conditions: understanding of the corrosion layer transformation thanks to a multi-
scale characterisation. Synchrotron Radiation and Neutrons in Art and Archaeology Conference, Sep 2016,
Chicago, United States. {cea-02332804)

HAL Id: cea-02332804
https://cea.hal.science/cea-02332804v1

Submitted on 25 Oct 2019

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-

for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Au‘to'flizﬁtion
HAL Authorization


https://cea.hal.science/cea-02332804v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

Session |11
SR2A 2016 ABSTRACTS FOR POSTER

P10-Dechlorination of ferrous archaeological artefacts in subcritical
conditions: understanding of the corrosion layer transformation thanks to a
multi-scale characterisation

M. Bayle', P. de Viviés', J.-B. Memet!, F. Mercier?, E. Foy?, S. Reguer®, J.-L. Hazemann®, P. Dillmann?, D.
Neff?

'A-CORROS Expertises, 13200 Arles, France;

’LAPA — IRAMAT, NIMBE, CEA/CNRS, Université Paris Saclay, UMR3685, 91191 Gif/Yvette, France

*Diffabs beamline, Soleil Synchrotron, 91192 Gif/Yvette, France

*Institut Neel, CNRS, 25, avenue des Martyrs, F-38042 Grenoble Cedex 9, France and FAME beamline, ESRF, 38000 Grenoble,
France

Dechlorination of ferrous archaeological artefacts is rendered necessary after excavation in order to remove
chloride species present at the metal/corrosion layer interface. Indeed, when artefacts are exposed to air after a
long period of burial they can suffer severe damages. This is due to the reactivation of the corrosion processes
through the migration of those chlorides that provokes local acidification. In the conservation field, treatments
are based on the immersion of the artefacts in alkaline bath in order to transform the chloride containing phases
(akaganeite and B-Fe,(OH)sCl). But specifically for artefacts of high dimensions the process can last from
several months to years. An innovating approach based on treatment in subcritical conditions (180°C, 35 bars)
allows to reduce by a factor of 10 the treatment duration. The optimisation of this treatment requires the
determination of the reaction pathways between the initial corrosion layers and the transformed ones after
treatment. Therefore synthetic phases representative of archaeological corrosion products formed in aerated
environments (goethite, lepidocrocite, magnetite, akaganeite, maghemite) have been treated separately to study
their transformation during the treatment. Specifically in-situ experiments under synchrotron radiation have
been performed on akaganeite in order to determine the different transformation steps of this phase. The
behaviour of two akaganeite, the first one obtained by laboratory synthesis and the second one from
archaeological origin has been compared. Thanks to XANES at the Fe K-edge in sub-critical conditions it has
been highlighted that depending on the heating rate the akaganeite transforms either in hematite or in a mix of
goethite and hematite. High resolution X-ray diffraction under synchrotron has allowed to determine the
evolution of the crystalline structure of the remaining akaganeite depending on the chloride content of this
phase. Last the results show that the transformation kinetics depend on the origin of the precursor and that
archaeological phases transform much slower than synthetic ones.
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