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Phase transitions in laser
heated diamond anvil cell:
observations from in situ
and ex situ analyses




Different type of phase transitions

-First order solid solid transition
-Second order solid solid transition
-Congruent melting

-Incongruent melting
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Internal structure of the Earth
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Information on the Earth’s interior
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Strong relation between seismological structure of the upper mantle
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Transitions de phases induites par la pression

a-olivine (Mg,Fe),SiO, B-wadsleyite (Mg,Fe),SiO,
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Melting of core materials at ICB : anchoring
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First order phase transition

FIRST ORDER
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Phase transition by changing pressure at high temperature
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Accurate phase diagram could be then established
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Change in structure is related with a large change in

volume
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Melting : congruent

* Example of iron
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Energy dispersive EXAFS experimental set-up coupled with
Laser-Heated Diamond Anvil Cell on 1D24 beamline, ESRF
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In situ criteria for XANES experiments
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X - rays

In situ X-ray diffraction on ID27
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In situ detection of melting in LHDAC
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In situ detection of melting in LHDAC
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In situ detection of melting in LHDAC
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Comparison with previous studies
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Comparison with previous studies
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Comparison with previous studies
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Diffraction on recovered samples XANES spectra on quench sample
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Melting of carbon contaminated iron samples
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Laser spot




Analysis of
post-experiment
samples
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Sample recovered after laser
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Confirmation from analysis of sample
texture after laser heating
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Laser spot 1

Above
melting
temperature
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Laser spot 2

Below
melting
temperature

EHT = 15.00 kV Signal A = SESI
WD = 5.1 mm Width = 26.42 um
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EHT = 10.00 kV Signal A = SESI
WD = 5.1 mm Width =174.2 ym

Creating a
planetary core
experimentaly
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high pressure
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Problem of chemical segregation

B -

MORB silicate after melting at 65 GPa

Z w

~ (7,,\

|
: S
P Chan
{ e
Mg
-



After Sinmyo et al, EPSL, 2019







After Sinmyo et al, EPSL, 2019




Temperature gradients minimal in laser heating
experiments if sample under high pressure is thinner than
~2um




Fast acquisition could be the key

| laz.er 1.25 With tlle EBS’
»«+Delay 50ms flux = 100
X-rays detection

| 20x50ms Therefore

»+Delay 50ms | acquisition time
- Temperature /100

| _easuremen (CdTe detector
5 12 time(s) 250 Hz)

After Boccato et al, JGR, 2017

Data treatment of large amount of data ??
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