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Report: 

 

The aim of this beamtime was to record accurate XANES and EXAFS signal for different Fe end-members as 

a function of pressure at room temperature.  

 

We used the experimental setup now available on BM23, allowing us to simultaneously record XRD patterns, 

ruby fluorescence to measure pressure and high-quality EXAFS signal at the Fe-k-edge in a Diamond Anvil 

Cell.  

 

Unfortunately, we were not able to analyse the XANES region of the spectra with a 0.2 eV energy resolution 

using the Si (311) crystal, as previously mentioned in our proposal, as the absorption of the diamond was too 

high, even using drilled Nano Polycrystalline Diamonds (NPD). 

 

The experiment has been mainly carried out using a solid pressure medium, KCl. This pressure medium could 

also be used as pressure calibrant above 40 GPa, when due to non-hydrostaticity the ruby fluorescence signal 

becomes too weak. Our first trials using Ne as pressure medium were not successful, potentially related to 

small cracks in the fragile drilled nanopolycrystalline diamonds.  

 

We carried out cold compressions on four different samples in different pressure ranges: carbides (Fe-15wt%C, 

Fe3C and Fe7C3) between 1bar and 50 GPa, as well as oxides (FeO) up to ~150 GPa. 

 

Here are shown the different experimental results we obtained. These raw data will be carefully analysed and 

compared with ab initio calculations performed by the group of Prof. Kim of the University of Toronto (i.e. 

Blair Lebert and PhD student Christopher Heath).  



 
  

Fe3C purity was carefully analysed prior to experiment by Y. Nakajima from Kumamoto University. This 

sample was synthetized under high pressure using a multi-anvil platform available at the Institute for Planetary 

Materials, Misasa, Japan.  

 

For this sample, we were able obtain a signal up to 14 Å-1.  

 

Careful analysis of the XANES spectra will be carried out, as well as the EXAFS signal, in order to decipher 

if the ferromagnetic to paramagnetic transition previously observed around 5-10 GPa (Gao et al., 2008; Litasov 

et al., 2013) could be identified here.    

 

 

 

 

 

 

 

 

 

 

 

  



 
 

This carbide with a stoichiometry Fe7C3 was also synthetized and characterized by Yoichi Nakajima. 

 

The XANES signal seems to highlight a structural change between 6.5 GPa and 9.4 GPa, in correlation with a 

previously observed ferromagnetic to paramagnetic transition in this compound at 7 GPa (Chen et al., 2012). 

This transition seems to have a more obvious signature in Fe7C3 rather than in Fe3C compound.     

 

 

 

  



 
 

This sample is a Fe alloy containing 1.5wt%C. It has been synthesized by an ultrarapid quench method at the 

Institut de Chimie et des Matériaux de Paris-Est (ICMPE), Paris, France (Morard et al., 2017). Previous cold 

compression dataset of such sample has shown that it stays into a unique phase and do not decompose into Fe 

+ Fe3C.  

 

For this sample, valid signal from the sample was measured up to 18 Å-1. This is important in order to finely 

compare this structure with pure Fe recorded in a previous inhouse test run. This will allow to deduce the effect 

of C incorporation on the structure of pure bcc/hcp Fe under high pressure.  

 

A bcc to hcp structural transition between 10 and 20 GPa can be easily noticed both in the XANES and the 

EXAFS. 

 

 

 



 
 

Starting material for this run was FexO (x=0.92 following (McCammon and Liu, 1984)) synthesized under 

reducing conditions from hematite at 1200°C for 24 hours (courtesy of Prof S. Jacobsen from Northwestern 

University).  

 

The first gradual change observed here between 30 and 60 GPa is correlated with the structural transition 

between B1 and B8 structure.  

   

For higher pressure, we successfully covered the intended pressure range for which a spin transition is expected 

in solid FeO, around 120 GPa (Ozawa et al., 2011). However, no obvious change in the spectra could be noticed 

in this pressure range. In addition, the XRD spectra of the sample is not clearly showing a volume change, 

expected to be of 2.5% at 120 GPa, in the present study. Our results are therefore in strong disagreement with 

the previous study.  

 

 

 

 

 

 

 

 

 

 



In conclusion, these different runs will be used as reference for analysis of quenched samples in future Laser 

Heated DAC studies, to determine melting relations of iron alloys in the Fe-C-O ternary system under high 

pressure, as well as determine potential C contamination in different Fe melting experiments.  
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