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Report:
The aim of this experiment was to obtain quantitative information on the kinetic of iron redox reactions in
silicate glasses and melts. For this purpose, X-ray absorption spectroscopy (XAS) is well suited because it
allows the Fe2+/Fe3+ ratio to be determinbed as a function of time through analysis of the pre-peak feature and
of the position of the edge. Understanding of redox reactions is in paerticular required to control the
vitrification processes and the temperature-induced structural changes in glasses and melts.
The first 5 shifts were used to align the beamline and set-up the experiment. The sample was heated in the
microfurnace developed by Richet et al. (1993) and already used at the ESRF. This set-up consists of a Pt
wire with a hole in which the sample is loaded. With this furnace, samples can be heated up to 1900°C. The
glass samples had been prepared in Paris under controlled atmosphere to ensure initially different Fe2+/Fe3+

ratios, and were characterized using wet chemical analyses, Mössbauer spectroscopy, electron microprobe
and XANES spectroscopy made on the D44 at LURE (Magnien et al., 2004). As a matter of fact, several
problems have emerged during these experiment and had to be solved before good XANES spectra could be
recorded :

i) on this beam line, and a very small beam, the homogeneity of the sample is a very important
parameter. Use of powder did not allow us to obtain a signal of good quality to discriminate
the Fe2+ and Fe3+ contributions in the prepeak. This was solved by melting the sample and
quenching it rapidly to have a glass with an homogeneous surface.

ii) the loading of the sample in the hole of the Pt wire has been extremely difficult due to the
difficulty to control the thickness of the sample

iii) during the XANES acquisition at high temperature, the thickness of the sample evolved,
which also affected the quality of absorption edges. The stability of the Pt wire had also to be
improved.



We had previously made measurements on other synchrotron beamlines (D44 and D11 at LURE).
Due to the great focus of the beam on ID24, we had to modify our experimental conditions for loading and
acquisition. Compared with our previous measurements, the XANES spectra on ID24 show an improvement
in the acquisition time and on the resolution of pre-edge feature.

Finally, we have found a good procedure to charge the cell, and control the thickness of the sample
during the experiments. For two different glasses (Pyrox = 50% mole SiO2, 10% FeO, 20%CaO, 20%MgO,
and PyroxNa = 50% mole SiO2, 10%, 5% Na2O, FeO, 17,5%CaO, 17,5%MgO,) we were able to follow the
kinetic of the reduction and of the oxidation.
Results:
The results obtained during this experiment are very promising and the data are currently under treatment to
extract quantitative information. In the following  figure, we present, four XANES spectra obtained at high
temperature, 1277, 1450, 1785 and 1798°C during kinetics measurements.
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From these first results, we observe a rapid change in the pre-edge of the XANES spectra as a function of
temperature. When the temperature increases, the kinetics of reduction is faster than 100 ms at 1785 and
1798°C. In contrast, the kinetics of oxidation takes a longer time, close to 20 and 15 minutes when the
temperature is decreased to 1277 and 1450°C, respectively.
In summary, we have overcome the main difficulties and proven the feasibility of the experiment. The
present results give us first estimates of the time required for the oxidation process of the sample. However,
due to the rapid time for reduction, an exact determination of the process has not been obtained. To pursue
these kinetic X-ray absorption spectroscopy measurements at high temperature, we asked for a continuation
of 18 shifts in order to complete and obtain complementary information. We plan to modify the furnace to
minimize the displacement of the Pt wire at high temperature. Due to the rapid reduction kinetics, we will
modify the heating set-up to synchronize it with the acquisition of the XANES spectra. The ID24 beam line,
with is small beam and good time resolution is a good tools to study this oxydoreduction kinetics.


