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Report:

The aims of the proposal were: (i) to charactetiieeconditions and volume discontinuities éore anda-y
transitions in iron near thee—e—y triple point; (ii) to better locate the positiohtbe a—¢-y triple point, which

is poorly constrained in the literature; (iii) teetdrmine the mechanism of these transformations fro
orientation relations between parent and child eha®©ne goal of this study is to better elucidéte t
interplay between magnetism and phase transformsabetween ferromagneticFe and paramagnetieFe
andy-Fe. For that purpose, we have used X-ray diffoactvf a single crystal (or powder for one sample)
compressed hydrostatically in a resistively-heaiathond-anvil cell.

We have carried out three experiments. The dianaowd cells, loaded with iron samples embeddedeiom
pressure medium, were inserted in a vacuum resifitfinace which allows heating up to 850K on the
samples. This device was provided by ID27. The sraipre was measured by a thermocouple in contact
with the back of one diamond anvil. The pressure maasured using a SfB:Snf* luminescence gauge
and cross checked, when possible, with the ne@spre medium melting point. The phase and volurae ha
been measured using angular-dispersive X-ray diftva (see typical X-ray diffraction patternskigure 1).
The conditions of the experiments are summarizédcaliie 1L The run FEBPHT _2 has been interrupted by a
break of the heater.

Run name Sample Pressure medium Pressure rangg (GPamperature range (K)
FeBPHT 1 Fe powder Neon 5-19 300-481
FeBPHT 2 Fe single crystal Neon 6-17 300-752
FeBPHT 3 Fe single crystal Neon 6-12 300-813

Table 1: Conditions of the three experimental runs.

The P-T paths followed in the three runs are ptbitted=igure 1. The measured conditions of direct and/or
reversen—e-y transformations (50% transformation) are plottéith\\arge green or red symbols. The
coexistence domains were relatively narrow (~2 @®Pa—¢).

We have made several interesting observationsen-th transformation:
- The dT/dP Clapeyron slope of thee transformation decreases (in absolute value) byerti@an
50% above 600K, without any drastic change of thlame discontinuities. This suggests an increase
in the entropy discontinuity between the phaseb witreasing temperature;



- Thermal expansions of-Fe ance-Fe progressively diverge from quasi-harmonic peains when
approaching the triple point. This could be expdilby a magnetoelastic effectarFe, although less
dramatic than expected in Ref. [1], and needs ttiker refined by more measurements;

- Theo-& mechanism determined from orientation relationtsictvwas proven to be a Burgers path
[2], remains unchanged up to 650 K (§gere 1, middle and right panels).

We have circled the triple point in run FeBPHT_Bijeh allowed us to constrain its location: 8<P<1Ra(>
723K<T<789 K. The uncertainties are due to botlsguee drifts in this run and hysteresis in the
transformations, which did not disappear under béghperature. We have not been able to determined
orientation relations between € andy phases in this experiment. The volume and equafistate ofy-Fe
needs to be constrained by more data points.

We have observed that as a result of high temperatarystallizations-Fe progressively transforms into a
highly mosaic single cristal around 700K. If we rage to get a better crystal, as well as inythbase, this
should open new possibilities of characterizatibman under HP-HT, such as inelastic X-ray scattpr
studies.

To sum up, the conditions and mechanism obitke>¢ transformation of iron have been accurately
measured along the transition line up to conditidose to thex—e—y triple point. The position of this triple
point has been constrained. Tdrey transformation (orientation relations, volume distinuities) remains to
be better characterized.
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Figure 1: (left) P-T paths followed for the three runs (dashed geldlines) and location of phase changes
(symbols, see the legend). The transition linesidion the literature are plotted as black lingwiddle) One
X-ray diffraction pattern recorded in the stabilitgmain ofa-Fe (rotation of the diamond anvil cell by
+13°). (right) Pattern taken in the stability domainegiFe. The round (elliptical) spots correspond t@y-r
diffraction peaks of diamond anvils (Fe sample)e Bnientation relations betweenFe ance-Fe are
characteristic of a Burgers path.
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