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Report:  
The aim of our experiment was to use X-ray absorption spectroscopy to determine the kinetics of iron redox 
reactions in silicate glasses and melts. Especially it is interesting for us to derive information concerning 
implied mechanisms in order to control vitrification processes and the temperature-induced structural 
changes in glass or nuclear industry. XANES techniques are well adapted to answer to this goal because they 
they allow not only the determination of the redox coordination states of iron by resolving the pre-edge 
feature but also the realization of in situ measurements. 
For this reason, we used a microfurnace set-updeveloped by Richet et al.(1993), which is made of a Pt wire 
with a hole which can be heated from ambient up to 2000K. A small amount of powder is placed in the hole 
(1 mm in diameter) and heated at different temperature stages. For each temperature stage, several XANES 
spectra were recorded according to time, in order to follow kinetics of oxidation reaction. Several 
compositions with different redox states (well characterized by chemical, Mössbauer spectroscopy and 
electron microprobe analyses) were investigated during these experiments, especially :  

- PyroxNaFe3 : 50% mole SiO2, 3% FeO, 21% CaO, 21% MgO, 5% Na2O 
- PyroxNaFe1 : 50% mole SiO2, 5% Na2O, 1% FeO, 22% CaO, 22% MgO 
- PyroxNaFe0.5 : 50% mole SiO2,  5% Na2O, 0.5% FeO, 22.25% CaO, 22.25% MgO 
- And anorthite compositions (aluminosilicate) 

These experiments were complementary of those carried out on ID24 in March 2004 and on FAME in May 
2004. Indeed, the studied compositions were in both cases Ca, Mg – bearing iron silicates, at high 
temperature and near the glass transition temperature. Interesting results were obtained to understand redox 
mechanisms near these two temperature ranges. Iron and alumina contents could have a significant influence 
on redox kinetics. Our objectives were thus to compare the results obtained from different compositions. 
 
The two first shifts were used to align the beamline and set-up the experiment according to previous 
experiment. Some difficulties in the loading of the sample could be encountered due to the high content of 
iron in our glasses, so that a very small amount of powder should be introduced within the hole in the Pt wire. 
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To conclude, we have observed the oxidation of these compositions from 873K to 1123K. 
 
Results: 
Some interesting and promising results could be extracted from the XANES spectra obtained at Fe K-edge. 
In figure 1, XANES spectra obtained at 1123 K after different time for PyroxNaFe3 illustrate our results. By 
comparison, the spectrum at room temperature is shown too. 

 

Figure 1. Left: Fe K-edge spectra obtained for the PyroxNaFe3 at 1123 K for different time until complete oxidation of 
Fe. Right: Zoom on the extracted pre-edge region showing the sensitivity in the position and intensity of the pre-edge, 
whose analysis allow the determination of iron redox and coordination state.  
 
We observe modification of the pre-edge feature of the XANES spectra as a function of time, especially the 
progressive increase of a contribution at high energy (and a parallel decrease of the contribution at low 
energy), characterizing the oxidation state of our sample with time. Similar findings can be observed for the 
other samples and other temperatures. These observations indicate the evolution of redox ratios with time. 
Moreover slight differences between composition could be observed, indeed redox kinetics seem to be speed 
up by the increase of iron content.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Time required for the oxidation process upon the temperature for various compositions. 
 
These promising results allow to derive some estimates for the time required for the oxidation process (figure 
2) and to shed light on the interpretation for the implied mechanisms. Redox kinetics seem to be significantly 
fast near Tg, indicating probably a divalent cation diffusion as limitating mechanism. The same conclusion 
was obtained for redox kinetics in composition with 10 mol% of iron from previous experiments. A 
comparison with previous data and results obtained by other techniques should confirm this conclusion. 
Besides, these results illustrate also the suitability of BM30B beamline with its large beam for the study of 
redox kinetics, especially near Tg. 
Some additional experiments near Tg are mandatory in order to investigate other compositions. Those 
information should be essential to complete the understanding of redox mechanisms and the influence of 
composition. 
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