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5HSRUW���
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 present a 
two-fold advantage in that they allow not only to determine the redox coordination states of iron with the pre-
edge feature but also to realize in situ measurements. 
For this reason, we used a set-up of microfurnace developed 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 (1mm) and heated in different temperature stages. On each stages, several XANES were recorded 
according to time in order to follow oxidation reaction. Several compositions with different redox states (well 
characterized by chemical, Mössbauer spectroscopy and electron microprobe analyses) were investigated 
during these experiments, especially :  

- Pyrox : 50% mole SiO2, 10% FeO, 20%CaO, 20%MgO 
- PyroxNa : 50% mole SiO2, 5% Na2O, 10% FeO, 17,5%CaO, 17,5%MgO 
- PyroxLi : 50% mole SiO2,  5% Li2O, 10% FeO, 17,5%CaO, 17,5%MgO 

Those experiments were complementary of those carried out on ID24 in March 2004. Indeed, the studied 
compositions were in both cases Ca, Mg – bearing iron silicates, but contrary to ID24, BM30 exhibits a 
relatively large spot, which offers the possibility to work on powder then to study redox kinetics for 
temperatures near glass transition (whereas the investigated temperature on ID24 were higher than 1273K). 
 
The two first shifts were used to align the beamline and set-up the experiment. No significant problem have 
emerged during theses experiments.  Nevertheless, we can note three remarks. At first, during the XANES 
acquisition, all the engines managing displacements of the table, monochromator or the detector must move 



 

simultaneously. So some problems of synchronisation have been encountered which have deteriored the 
quality of spectra. This was ponctually solved by the change of temporization of some engines. 
Moreover, some difficulties in the loading of the sample could be encountered due to the high amount of iron, 
then a very small amount of powder should be introduced. 
Finally, for relatively high temperatures (above Tg) and very small granulometry, redox kinetics seem to be 
extremely fast and the set-up is not adapted for the following of fast reaction, acquisition time being too long. 
It could be improved by a change in the granulometry of our sample to slow down redox kinetics. 
 
To conclude, we have observed the oxidation of these three compositions from 673K to 1073K. 
 
5HVXOWV��
�
Despite the fact that the major part of spectra was under treatment, some interesting and promising results 
could be extracted. In the following  figure, three XANES spectra obtained at 781K according to time for 
PyroxNa could illustrated our results. By comparison, the spectra at room temperature is shown too. 

 

 
 
Here  we observe a change in the pre-edge of the XANES spectra as a function of time, especially the 
progressive increase of a contribution at high energy to the detriment of that at low energy, caracterising the 
oxidation of our sample with time. Same features are observed for the majority of samples and temperatures. 
Moreover slight differences between composition could be observed, indeed redox kinetics in PyroxLi seem 
to be faster than in the others and those for Pyrox slower. Then those promising results let consider not only 
some estimates of the time required for the oxidation process and  some interpretation on implied 
mechanisms, but a first basis of interpretation of the influence of composition on redox kinetics, especially 
the influence of the amount or the type of alkalin element. Besides they illustrate also the use of BM30B 
beamline with this large beam for the study of redox kinetics, especially near glass transition. 
 
Some additional experiments near glass transition are necessary in order to investigate other compositions, as 
alumino and borosilicate glasses. Those information should be essential to complete the understanding of 
redox mechanisms and the influence of composition. 
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